ny ce 


_ 
iy tae 





PROFESSIONAL PAPERS 


INDIAN ENGINEERING. 


(SHCOND 


Coe al CS bet pre” ek 
MAJOR A. TANG, R-E, 


ty THOMASON O. BH. COLLEGE, ROOREERR, 


VOL. I. 


ROORKEE: | 


PRINTED AND PUBLISHED AT THE THOMASON COLLEGE PRESS, 
CALCUTTA : THACKER, SPINK & Co. BOMBAY: THACKER, VINING & Ga 
MADRAS: GANTZ, BROTHERS. LONDON: 3H. & F. N, SPON & Oo, 


1872. 


PREFACE ro VOL. I. 


Tue first volume of the New Series is now concluded, and will be acknow- 
ledged, I hope, to be equal in interest to any of its predecessors in the 
First Series. For this I have to thank the many able contributors who 
have furnished original articles, and the Government of India in the P. 
W. Department, who have supplied Resolutions and Reports of general 
interest to the Engineering profession in this country. 

Considerirg, however, the large number of Officers serving the Govern- 
ment of India in the P. W. Department, (more than 1000 in the Engineer 
Establishment, ) in addition to very many Engineers employed upon Rail- 
ways, &c., under private Companies, it must be admitted that the staff of 
Contributors to this periodical bears but a very small proportion to the total 
number of Engineers who might be reasonably expected to support it as 
an organ for disseminating information and ventilating opinions on 
* Indian Engineering.” This may be attributed principally to the fact that 
all Engineers in this country are very heavily burdened with work, and the 
greater their ability and experience the more extensive and engrossing 
are their duties, so that very few have leisure to devote to writing 
“ Articles,” or Reports beyond such as are required from them by Gov- 
ernment. Many, moreover, who might find time to supply short articles 
are averse from writing on topics and details which from their familiari- 
ty appear to be trite and common place. Such details, however, are 
often those which would prove of most interest and value to their brother 
Engineers, who haying to undertake some particular work, may at the 
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outset lack the familiarity which has been gradually and insensihly 
‘acquired by other Members of the Profession who have been for some 
time perhaps engaged on work of an exactly similar nature. 

I would request those Contributors and Subscribers who have hith- 
erto supported this Periodical, to exert their influence to extend its 
circulation, so that a greater variety of subjects may be: represented 
in its pages, and that some reduction may be made in its price, which 
is necessarily at present high, owing to the comparatively small list of 
Bubscribers, 

Of the 62 papers forming this volume, 13 refer to Ivrigation, 
Water Supply or Drainage: 5 are descriptive of Public Buildings ; 
& relate to Cements aud Mortars; 5 to Surveying and Mathematical 
Instruments: while Road-Making, Bridge Building, Brick Mannfae- 
ture, Timber, Iron, Masonry, Well Sinking, Strength of Materials 
and Stractures, Light-houses, Rail and Tramways, and other subjects 
are discussed in oue or more articles. 

The absence of articles on Railways in India is to be regretted, and 
will, it is hoped, be rectified in future numbers: the progress of the 
State Railways on the New Metre gauge will furnish for deseription 
and discussion matter of a most interesting nature, and involving 
much of novelty. , 

-It is proposed that the Second Volume shall consist of Four 
Quarterly Numbers, issued in January, April, July and October, 18738; 
the cost remaining 14 Rs. for Subscribers in advance ; but 4 Rs. a 
number for those paying in arrears, and for purchasers of single 
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THE REVENUE BOARD BUILDINGS IN MADRAS. 
[Vide Frontispiece. } 


Tae Revenue Board Buildings in Madras stand adjacent to the old palace 
of the Nawabs of the Carnatic. The latter structure, which is now used 
as a college, is constructed in the mixed Hindoo-Mahomedan style so 
common in the south of India; and although much of the detail is mean- 
ingless, and much objectionable, the general cffect of the exterior (which is 
colored dark red and white), is more pleasing than that of many build- 
ings subsequently erected by Anglo-Indians. The Government found it 
necessary to make extensive alterations and additions, and, by the desire 
of his excellency Lord Napier, these works have been carried out so as to 
assimilate the Revenue Board buildings with the older adjacent structure. 
Mr. Chisholm, the Government architect, while keeping to the general 
lines of the old structure, has taken his details and many forms from 
purer types of the style, and superior materials have enabled him to adopt a 
much lighter form of construction. When the offices have been completed, 
the outlay will scarcely be felt, as the amount of rent now paid by Gov- 
ernment for private offices represents capital equal to the expenditure 
involved. | 

The materials is the fine polished chunam of this coast, which is too well 
known to need further description. 

The building finds favor in the locality; both Europeans and Natives 
seem to take a general interest in its progress, and Lord Napier, in a lec- 
ture delivered there some time back, makes the following allusion to it :— 

“The Government has endeavored, with the advice of an accomplish- 
ed architect, to. exhibit in the improvements at fhe Revenue Board an 
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example of the adoption of the Mussulman style to contemporaneous use, 
Mr. Chisholm would be the first to disclaim and condemn the material 
which it: lx forced upon him by necessities to which we are sti!] sub- 
jecird, bor uty design will be a practical demonstration of the views which 
I bave bere advocated. He has paid the first tribute to the genius of the 
past; he has set the first example of a revival in native art which I hope 
will not remain unappreciated and unfruitful.” 


Notk.—The above ig an Extract from the “ Builder, December 31st, 1870. 
The Plate (Frontispiece) was reduced from the engraving in the “ Builder,’ by Sergt, G. T 


Sparke, Photographic Tnstructor, Thomason C. B, College, 
A.M.I. 
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No. II. 


IS IRRIGATION NECESSARY IN UPPER INDIA? 


By Mason A. F. Corserr, B.S. C. (Published by desire of H. E. 
the Viceroy.) 


Ar a time when extensive irrigational works are being carried out and 
more proposed, it may not be out of place to consider to what extent such 
works are required and what quantity of water is useful, or otherwise, 
to crops in general. 

Tt may in the first place be as well to consider the general condition of 
land and the present system of cultivation of both irrigable and unirri- 
gable lands. I shal) here, where not utherwise mentioned, refer more 
particularly to the rubbee crops, and take wheat as an cxample, it being 
the most valuable of these crops, as a food for man. 

The soil of cultivated fields has lying immediately below the cultivated 
surface soil a hard Jayer or crust; this is not a natural, but an artificial, 
formation, caused by tke treading of men and cattle, and the pressure of 
the sole of the plough. This is called by farmers in England the pan, 
and is known to the natives by the word “tawa,” which is almost identi- 
cal in meaning. This pan is much denser in stiff than in sandy soils, and 
in some clays and stiff loams is almost impermeable to water: the roots 
of cereals can hardly force their way into this pan. 

As the irrigable land is prepared in this country for sowing by being 
ploughed and reploughed about three or four inches deep, the cereala are 
Jimited to a little more than this depth of soil in which to seek moisture” 
and nourishment, and this too in a soil impoverished by ycarly cropping 
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The-meisture qnickly evaporates from this loosened upper Jayer of. soil 
above the pan, and irrigation becomes necessary to keep the plants alive. 

_I believe indiscriminate irrigation to be the bane of Indian farming, for 
as long as a cultivator can, by scratching the surface soil and-swamping 
it with water, get a crop of four or five-fold the amount of the seed sown, 
he lets things follow the old course, and does not trouble himself to look 
about for a better system. 

Below this pan the soil is generally more free and open and contains 
moisture held there by capillary attraction; the amount of water is small, 
as most of the rain falling on the land or water supplied by irrigation is 
evaporated from the surface or taken up by the crops before passing 
through the pan. 

All porous soils have a greater or less power of capillary attraction; 
the smaller the particles composing the soil the less will be the power 
of capillary attraction possessed by it. Thus clay soils, which can be 
rabbed into an almost impalpable powder, have a much less power of 
capillary attraction than gritty sandy soils ; but whilst clay or loamy soils 
have a less power of capillary attraction, they have a greater retentive 
power for moisture, that is, they will retain moisture longer when once it 
has penetrated into them, and will not so soon lose it by evaporation 
or filtration. 

We have a familiar example of capillary attraction in a fower-pot. If 
we fill a flower-pot with dry loose earth and place it in a shallow pan of 
water, moisture will rise in the flower-pot by capillary attraction to the 
surface of the soil, although much higher than the water was in the 
pan. If however, instead of a flower-pot, we use tubes, we can ascertain 
what height the water will rise in different descriptions of soils. 

Rain falling on the surface requires some time to penetrate the hard 
pan, and should hot sunshiny weather succeed the falls of rain, the great- 
er part of the water is evaporated. In Upper India it requires a heavy 
fall of rain, or rather a continuance of wet weather, to produce what the 
natives call the “‘ Milwan” or meeting of the surface water with the water - 
held by capillary attraction in the lower strata of the soil, below or in the 
lower part of the pan. a 8 

As I said before, under the present system irrigation is required to 
keep the plants alive. This irrigation tends to consolidate the soil, the. 
smaller particles being washed into any fissures there may be in the pan, 
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and the surface soil binds together. The roots of planta, however, require 
air as well as water, but the air can hardly penetrate the now almost 
hermetically-sealed surface soil. Weeds grow amongst the crop, and in 
hoeing these out the soil is loosened. Here we see the use of weeds, 
in the absence of with the surface soil would not be stirred. When the 
crops are cut, there is a little grass, which, is eaten off by cattle, after 
which the bare fields are loft a smooth hardened surface, almost imper- 
vious to air and moisture. : 

The more water has been supplied to the land by irrigation, the more 
parched the land becomes when the crops are removed and irrigation 
ceases. Solar heat is reflected from the hardened surface of the soil and 
heats the air, causing the hot winds; the direct rays of the sun having 
very little effect in raising the temperature of the air. 

It is difficult to say what amount of water is applied to irrigated lands, 
but where the fields are irrigated from wells, 1 think we may calculate the 
amount of water to be about two inches for each irrigation; so by doub- 
ling the number of times the lands are irrigated; we get a fair approxi- 
mation of the depth in inches of the water supplied to the land. As the 
land irrigated from wells is generally watered three or four times during 
the growth of the crop, we may consider it receives a depth of six or 
eight inches of water. 

I believe where canal water is used, very much more water is applied to 
the land than where water has to be drawn from wells, and if I am correct 
in my reading of a tabular statement in a late Government of India 
Gazette, the amount of water supplied by the Ganges Canal during the 
month of February last was equal to a depth of six inches over the whole 
of the irrigated area. 

‘There is a report on Tank Irrigation in Ajmere and iaitwarrk, by 
Lieutenant Home, R.E., in No. 4, Vol. I., second series, ‘Selections 
from Records of Government, N. W. P.,” and a letter from Major Stewart, 
R.E., forwarding the said Report, in which he says :—“ The average re- 
quired to irrigate one acre is shown by Lieutenant Home to be 177,261 
cubic feet, whereas in our calculations we have allowed 200,000 to 800,000, 
and generally the latter.” Now 177,261 cubic feet per acre is equal to a 
depth of 4:07 feet, and the 300,000 cubic feet is nearly 7 feet, say 80 
inches. This seems excessive, as one inch depth of water over an acre 
of ground. is upwards of 100 tons in weight; so every inch of rain that 
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falls, or water that is applied to the land by irrigation, supplies upwards. 


of 100 tons of water to the acre. By weighing the produce of a few 

square yards of churree (jowar),* I calculated the weight per acre of the 
crop, when at its full growth and fall of sap, to be about 100 tons. The 
amount of water in churree cut green for cattle is about 80 per cent. of 
the total weight of the crap; and an inch of water, being say 100 tons, 
the crop only contains eight-tenths, 7. ¢., four-fifths of an inch of water. 

A good crop of wheat with its straw, at the time of its greatest suc- 
culency, just before the formation of the blossom, may weigh about ten 
tons: this may contain about 75 per cent., or three-fourths of one-tenth 
of an inch of water, or say one-tenth the amount taken up by churree. 

In round numbers, we may say a crop of jowar, bajra, maize retains 
one inch, and a rubbee crop only one-tenth of an inch of water when at 
its full growth. 

As plants, however, lose a great quantity of water by evaporation from 
their leaves, the above-mentioned amount of water would be altogether 
‘ thsufficient for their support. 

Mr. Lawes found from experiments carried out in England, that com- 
mon plants (wheat, barley, beans, peas and clover) exhaled during five 
months of growth more than 200 times their dry weight of water. A crop 
of wheat of 19 bushels of 60 Ibs., equal to half a ton of grain, is, I believe 
greatly above the average of the wheat crops now grown in Upper India. 
To grow a crop of half ton per acre with its straw,—which may be put 
down as double the weight of grain, or 1 ton—total weight of grain and 
straw, 14 tons,—would require 300 tons or 3 inches of water in England ; 
if we allow the amount of water exhaled or evaporated from the crops to 
be in India double what it is in England, the crops would require to 
absorb from the soil 600 tons, or 6 inches depth of water. The water 
evaporated from the crops would not all be lost to the soil, as a great 
amount of it would be returned in dew and rain. I do not think there 
would be any difficulty in retaining double this amount of water in the 
soil, if the pan were broken up and the soil deeply ploughed; and I 
believe it would bea simple matter with the aid of manure, which can 
be had in any quantity, to raise the average of wheat crops in Upper 
India to one ton, or say 87 bushels peracre. The soil and sub-soil in many 
parts, for instance Rohilkund, is a rich alluvial deposit, and only wants 


* Holcus Sorghum. 
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thorough cultivation to make it one of the most productive in the world ; 
and the climate during the time the cereals are growing is all that can be 
desired to bring them to perfection. 

A fair index, however, to the amount of water ecuiied by the wheat 
and other rubbee crops is obtained by observation of unirrigated lands, 
most of which are light sandy soils called ‘‘ bhoor.” 

Under the present system of farming in Upper India, with an average 
rainy season and cold-weather rains, crops of wheat and barley are ob- 
tained from these lands. Being light soils, they are ploughed deeper 
than irrigated lands, perhaps six inches decp, and the water that remains 
in the sub-soil, together with the cold-weather rain, is sufficient to raise 
the crops; and these bhoor lands have some grass en them throughout 
the hot weather which the irrigated lands have not. I allow the crops on 
these bhoor lands are light, but this is from a want of manure and a defi- 
ciency of water, which can be remedied. 

These unirrigated land crops are in a great measure dependent on the 
cold-weather rains. If we can retain in them the moisture from the re- 
gular monsoon rains, we shall be independent of what may fall in the 
cold weather. I know of no reason sufficiently valid to deter experiments 
being made at once on these lands on an extensive scale. 

The average rain-fall during the rains may be from 20 to 30 inches, 
and the cold-weather rain from 1 to 3 inches. I believe, with an improv- 
ed system, one-half, or even less rain, would be ample. 

My reason for this belief is, that a greater part of the water which falls 
on these soils, either runs off the surface, or is lodged on, or in the soil, 
so near the surface above the pan, that it is lost by evaporation before 
it can penetrate into the sub-soil. 

Now if these light soils, which are much legs retentive of moisture than 
irrigable land, can retain sufficient moisture to produce a crop, succeeded 
by some scanty herbage, during the hot weather, what necessity can 
there be for irrigating soils of a closer texture, which have a greater 
power of retaining moisture? I maintain that if we prevent the rain 
running off the land, and as much as possible prevent evaporation and 
use manure, the annual rain-fall even in dry seasons will be found suffi- 
cient to produce even better grain crops than are now obtained by irriga- 
tion under the present system. Irrigation applies water to the surface; 
crops do not want water on the land, but zx it. 
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It is-a ‘mistake to suppose that a greater amount of water is required 
fox either khureef or rubbee crops. We see every year both descriptions 
of crops damaged if water lies about their stems : the chilling effect 
of water evaporating about the stems of the crops is always more or less 
detrimental. Cotton in particular suffers from this, What plants chiefly 
require is » deep porous and somewhat moist soil, in which their roots can 
strike downwards to such a depth as to be unaffected by drought and the 
heat-of the sun. The roots of wheat will penetrate four feet, or even more, 
in a loose open soil, and as long as there is moisture in the soil within the 
reach of the roots, there is no fear of the plant dying for want of water. 

To obtain a deop moist soil, in the first place the land must be plough- 
ed or stirred up degply, so that the rain will sink into it to a depth from: 
which it will not readily be evaporated. 

The rain-water will pass through the loosened soil by gravitation, 
leaving the soil moist and as the upper surface soil is dried by evaporation: 
caused by the heat of the sun, the water lost, by evaporation will be 
replaced by water rising in the loosened soil by capillary attraction, ex- 
actly as oil rises in the wick of a lamp. 

The loss of water by evaporation would tend to dry the soil; but 
as solar heat would be absorbed by the loosened soil during the day, 
and radiated during the night, and the surface consequently cooled by the 
radiation, we should have a copious dew deposit, from the vapour in the 
atmosphere caused by evaporation during the day. 

The advantage of allowing as much rain-water as possible to penetrate 
to the sub-soil before it has time to evaporate will be sufficiently evident 
when I mention that from experiments carried out in the temperate cli- 
mate of England, during « period of eight years, it was ascertained that 
of a mean yearly rain-fall of 26:49 inches, the quantity evaporated was 
15°20 inches, and only 11-29 inches filtered into the sub-soil. It is 
shown in the same experiments, that whilst in the month of February. 
from an average rain-fall of 1:971 inches only 0°424 inch was lost. by 
evaporation, from a mean fall of 9°556 inches in June, July, August and. 
September, the loss by evaporation was 9080. What then must sd the 
amount of logs by evaporation in India ?* 

. What the required depth may be, to which land should be stirred, vill 
vary with the description of the soil: thus close-grained soils, — 


* Fide page 42, 
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a greater retentive power for water, will not require to be stirred so 
deeply as loose sandy soils, which possess that power in a less degree. 
In sandy soils we must make up for the want of retentive power by spi 
stirring." 

The proper depths to ensure crops on the different soils can best be 
found out by direct experiments on the soils. I am, however, inclined to 
think, from experiments carried out with tubes filled with soil, and an ex- 
periment I am going to desoribe farther on, that 15 to 18 inches would 
be sufficient for stiff soils of the ‘“‘doomat” sort, and 14 to 2 feet would be 
a safe depth to plough light sandy bhoor lands. The depths I here 
state are what I consider extreme depths, which would be sufficient for 
the very driest seasons. Every few inches deeper we plough unirrigablé 
lands will tell in incrensed produce from them. Wherever the culturable 
soil is of two or more feet in depth, I believe there is no necessity for ir- 
rigation. Deep ploughing will be sufficient, provided the soil is brought 
to a fine tilth, ¢. ¢., sufficiently broken up and pulverised. Where, how- 
ever, kunkur, stone or loose sand, which will not retain moisture, lies 
within less than two feet from the surface, irrigation may be necessary, 
but I am not certain that it ¢s. 

The country plough, although abused by many persons, is perfectly 
efficient as long as shallow ploughing only is wanted. 

The whole of the mechanical operations we see brought into play in 
England in cultivating the soil, such as ploughing, sub-soil ploughing, the 
use of the cultivator or grubber, the clod-crusher, the harrow and the 
furrow pressers, are, after all, only to make a suitable sced-bed for what- 
ever we may wish to sow. Where shallow cultivation, only is wanted, the 
land can be very efficiently prepared with a country plough and a “ putela,” 
which is merely a log of wood drawn over the surface; and with a tube 
tied beliad it the country plough makes an efficient drill. Still this 
country plough will not do for deep cultivation as any pressure on the 
etilt depresses the heal of the plough and raises the point. English 
ploughs and sub-soil ploughs are from their price beyond the reach of 
natives, even if they were inclined to try them. What is wanted 
is an alteration in the common plough of the country, to enable it to 
penetrate desper into the soil, which alteration must be effected so 
cheaply as to make the improved plough not mote expensive than the 
present one. 
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The old plough, Fig. 1, is made in three principal pieces—the harag or 
draught pole which rests on the yoke, the stilt or handle, and the share 
in which an iron point is fixed. The angle’at which the share is to the 
draught pole will not allow of its penetrating deep into the soil; true the 
share is fitted into a groove in the stilt and fixed there by wedges, by al-- 
tering which a slight difference in the angle can be made, and a some- 
what deeper ploughing effected; still pressure on the stilt depresses the heel 

and not the point of the plough, which is thus brought to the surface. 


Fig. 2. 





My altered plough, No. 2, is made in two pieces, the draught pole ands 
the stilt which is continued, the lower end of it forming the share. 
which is like, in shape and action, one of the tines of the modern cultiva- 
tor. Pressure on the stilt forces the point (which is covered with iron) 
into the ground. This is simpler than the country plough, being in: two 
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pisces, and .less likely: to. get “out of onder, ‘and i it as aaliaii: Tk 
‘could be strengthened by. having # piece of iron from the: point. of. the 
share to the.pole (where the dotted line is), thus forming a coulter. 

‘The natives have a prejudice against deep plonghing; they say. it 
ome up bad ‘soil. I believe this is. merely an excuse for lavinese ; a8 
have not met one who told me he had., Thirty or forty years ago there 
was @ strong objection on the part of farmers in many parts of England 
to breaking up the pan, but now it has been done they acknowledge the 
advantages of deep cultivation. Cereal crops are always better here after 
cotton or indigo. ‘This is, I believe, because these crops have, with their. 
deeply penetrating roots, loosened the sub-soil, which enables the roots of 
cereals to penetrate deeper into it. 

Another objection made by natives to deep ploughing i is that their bul- 
locks cannot‘ draw the plough. If one pair of bullocks cannot draw the 
plough I have made, two pairs can do so easily. As, however, the deep 
ploughing would be effected, not by one ploughing, but by several, each 
going a few inches deeper than the former, there would not be much 
more power required with my plough than there is at present with the or- 
dinary country plough. 

Secondly, banks must be raised round the fields to prevent rain-water 
running off by surface drainage. Where the land is tolerably level, there 
will be no difficulty in this; the ordinary ridges will be sufficient when 
the land is deeply ploughed; but where the Jand is undulating, long 
narrow fields should be made with the length of the fields running across 
the direction of the slope; in fact, the fields will require to be terraced, 
as they are in the hills. By raising the ridges between the fields, any 
manure there may be on the surface, droppings of cattle, stubble of old 
crops, &c., is all retained on the land, and, when the land is also deeply 
cultivated, sinks into the soil, where it remains available for crops. 
Now, all this manuring matter is carried down by streams to the Ganges 
and deposited on the low lands of Bengal, where it is the cause of mala- 
‘ria and disease on the subsidence of the floods which have carried it 
there in suspension. Not only is manure lying on the land lost by sur- 
face drainage, but the rain-water, which is required to moisten the sub-soil, 
and-also contains valuable manurial ingredients, is lost to the land of these 
provinces, and carried down to Bengal, which does not require it. Ben- 
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gal, with gn ample yain-fall, is flooded and manured by the Ganges, .28 
Flewnt, is by the Nile; only Egypt has next to no rain-fall and aaah 
it, whereas it is injurious in every way fo Bengal. 

_ The water being arrested in the soil of the fields where it fall would 
slowly filter through the sub-soil to the rivers, which would be keptiat a 
more equal depth throughout the year; and Bengal would not ‘suffer 
to the oxtent it now does from,floods. Another advantage resulting 
from deep ploughing would be that solar heat, instead of being reflected 
and heating the air, would be absorbed and radiated by the loosened 
surface soil, and the intense heat of the hot weather would be moderated ; 
as also would the steamy atmosphere of the rains, by the rain sinking 
into the-lower soil before it had timo to evaporate, The temperature 
being lowered, the evaporation would be lessened, consequently less rain 
would be sufficient, and possibly the climate might be so altered as to 
adapt it to many plants, such as tea, which cannot now be grown in the 
plains, and also to the culture of the silk-worm. 

With modified hot winds there would be less difficulty in growing 
grasses and forage crops in the hot weather, and the crops that have now 
to be irrigated almost daily, to keep them aliyo, might possibly, after a 
few years, when the sub-soil was more moistened, hardly require irriga- 
tion, A reduccd temperature would render the climate more adapted to 
Europeans and lessen the necessity for hill sanitaria for troops. To 
what extent the temperature might be reduced I have no means of judg~ 
ing, further than some-balloon experiments of the British Association 
gave a decrease of 1° Fahrenheit for every 276 feet of altitude. Ifthere- 
fore, we divide the difference of altitude in feet of hill stations and the 
plains by-276, we get the theoretical difference of temperature, Thus 
5,520 feet, which is about the difference between the altitude of parts 
of the Upper Doab and Nynce Tal, should give a temperature in the Up- 
per Doab only 20° higher than that of Nynee Tal. <A loosened soil of 
1} or 2 feet in depth would be useful as a sanitary measure for the 
country generally, porous earth being a great absorbent of malaria and 
noxjous vapours. Troops moved into camp on cholera breaking out in 
military stations soon improve in health, I believe chiefly from ‘getting 
away from the sodden consolidated soil of cantonments to the vicinity of 
more cultivated land. Cantonment lands cannot well be cultivated, but 
if. they were sub-soil drained,.I believe we should haye leas sickness 
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inthe stations. I am herestraying from my question. Ive, however, 
brought the subject of sub-soil drainage of military stations to the notice- 
of the Sanitary Commissioner with the Government of India. 

So convinced was I of the benefits of deep ploughing, that last year, in 
the rains, I ploughed and re-plonghed a piece of ground, stated to be 
four kucha beeghas, as deeply as I could with the country plough. The 
land was hard “doomat,” which had always been irrigated. I thought I 
had ploughed this field ten to twelve inches deep, but on testing it, it 
proved to have only been ploughed eight or nino inches deep. I sowed 
wheat in this field on the 4th November, 74 seers Budaon weight per 
kucha beegah. The last fall of rain there lad been on it, previous to 
sowing, was on the 9th October. Hardly a blade of this was touched by 
white-ants, and as the crop looked very healthy up to the 12th Janu~ 
ary, I determined not to irrigate it, I did not see it again from 12th 
January till [ returned from camp on 1st March, when it seemed to be 
in want of water, and I was persuaded to irrigate a few beds (kiarees) 
(possibly one-twentieth part of the field) one side of the field, which 
looked more dried up than the rest: the irrigated part at once became 
laid and the irrigation did more harm than good. The next field to 
mine (said to be three beegahs), farmed by a native in the usual way, 
was ploughed three or four inches deep, and also sown on the 4th No- 
vember, the same day as mine; he showed ten seers Budaon weight per 
kucha becgah; a great quantity, I should think three-fourths of his 
plants, were destroyed by white-ants when the crop was a few inches 
high; he irrigated his field three times from sowing to harvesting. 

As the kucha beegah is rather a vague measurement, I had these fields 
measured, and found the area of mine was 3,213 and the native’s field 
1,944 square yards. The crop from my field was 9 maunds 6 seers 8 
chittacks Budaon weight of 100 tolahs to the seer, and the native’s crop 
was 2 maunds 10 seers, according to his statement. Reducing this to 
bushels of 60 Ibs, my crop was at the rate of nearly 23 bushels per acre, and 
his a little over 9 bushels. I must mention that I manured my land with 
@ dressing of farm-yard manure; on one part of it I applied some broken 
bones and afterwards gave a dressing of brick kiln ashes over the whole. 

It is impossible to say what amount of crop was due to manure a 
what to deep-ploughing. 

Had I, after the manure was applied, ploughed my land like the native 
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three or four inches deep and watered, I do not think I should have as 
good a crop asI had. This is only conjecture. However, had I only 
ploughed three or four inches deep and not irrigated, I am certain I 
should have no crop at all. But, had my Jand been ploughed even ‘five 
or six inches deeper that it was, I think I should have had nearly double 
the crop I had; as a groat many of the ears of my crop were altogether 
empty, and a great quantity of the grain was shrivelled from want of 
moisture when the grain was forming, which would not have been the 
case had there been a greater depth of pulverized moist soil under the 
plants, and the roots been able to penetrate deeper, My land being 
ploughed to a depth of only cight or nine inches, the roots of the plants 
could not strike down sufficiently deep in the soil to be unaffected by 
drought and the heat of the sun, and the moisture was dried up out of 
the depth of soil they could reach, before the grain was perfected. 

My field sloped down to one side, and perhaps half the rain which fell 
‘on it ran off by surface drainage, it not-having been properly banked. up: 
this: maloes.me- consider that half the average tain-fall would i sufiicien | 
dt Were retained in the land. _ : 

“Phe cultivators about Budaon have been enquiring ne it was Tok abi 
tained a better crop without, than they did with irrigation. Some say © 
they irrigated four and even five times, and only got about: half thé 
return I did, and from the same description of soil. I merely tell them 
to: manure well and plough deeply,” and have shown them my new 
plough, which they seem to have taken a fancy to, and say a will 
adopt. 

- As it is, my crop does not compare badly with the average crops 
of European countries, as mine was nearly 23 bushels per acre. Ina 
late number of the Farmer, the average of wheat in bushels per acre 
in different countries is given as follows :— 

Ireland, 26 bushels, high farming 80 to 40; England and Scotland, 
28, high farming 44; Belgium, 21; France, 14; nes 17; hve, 
10; Austria, 15 to 16 bushels. 

The rain-fall at Budaon, from the 10th October to within two or three 
days previous to the time I cut my crop, was 1:3 inches. Ido not in- 
clude rain falling just previous to cutting the crop, as it delayed gs har- 
meets and did’it more harm than good. 

| The natives sow a large quantity of seed per acre, as they ar a 
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great quantity of the young plants will be destroyed by white-ants. 
White-ants, I believe, will not attack strong healthy plants. It is only 
when, in the struggle for existence caused by the poverty of, and want 
of nourishment in, the soil, the weaker plants begin to droop, that they 
become the prey of the white-ants. 

After my crop was cut I could easily push a walking strick into my 
field to the depth it had been ploughed, but could not push it above an 
inch deep into the native’s field. The soil of my field being thus light 
and porous, I ploughed it to the depth it had been originally ploughed, 
and left it in the rough, to get the benefit of the ameliorating influences 
of the air and rain. Had the occupier of the land next to mine attempt- 
ed to plough his land after removing his crop, he could not have done 
so above two inches deep. | 

Under the present revenue system, unirrigable lands are assessed at a 
much lower rate than lands which are irrigable: if my theory is correct, 
there is no reason why the unirrigable. lands should not be rated as 
highly'as the irrigable. - At present, in general they are of. a lighter or. 
tnore sandy composition, arid as such more suited to barley than wheat, 
but in-ploughing deeply the sandy particles now.on the surface would 
fall down into the furrows, and be mixed with the minuter particles, of 
the denser sub-soil, and-the texture of the soil would be improved and. 
become more suited for wheat: at the same time the soil of lands now 
irrigated would, by deep ploughing and ceasing to irrigate them, become 
more light and porous and better suited for all agricultural crops. 

Every year we hear of the cotton crop being damaged in some district 
or other from either excess or want of rain. Were the land deeply culti- 
vated, so that rain could easily penetrate to the sub-soil, I do not think 
we should hear of damage from either of these causes, and instead of 
getting a crop of from 50 to 70 ibs. an acre, we should have one of from 
200 to 300 tbs., or even more. 

. Ag it is, a great amount of the vital energy of the Cotton plant is ex- 
pended in forcing its roots into the hardened pan, and we have a dwarf- 
ed plant. 

-. With reference to lands oe from being covered with “reh,” I 
believe wherever kunkur has been quarried from these lands they have 
become fertile. This probably is from the reh becoming mixed with a 
mesa-of soil, instead of being collected on the surface ; it might be worth 
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trying whether deep ploughing and thus mixing the reh with the sub- 
soil would have the effect of making these barren soils fertile. 

- Whether I am right or wrong is a question which could be settled by 
a few simple experiments carried on in different parts of the country. If 
I am right, the money spent in irrigational works, except, under certain 
conditions of the soil and subsoil above explained, is simply money 
thrown away. 


Note by (the late) Colonel J. C. Anderson, R.E., Inspector General 
of Irrigation. 


I think Major Corbett should be encouraged to propagate his opin- 
ions. If they are sound they will probably prevail in the end, without 
any authoritative intervention on the part of the Government of India. 
The Government of the N. W. Provinces will doubtless be very willing 
to order some experiments to test the gencral accuracy of his conclu- 
sions; and it might be suggested that the Roorkee Professional Papers 
will be a convenient vehicle for distributing the new doctrines among 
Osanal Officers, and other professional men. 

The experiment made by Major Corbett himself described, at pages 15 

&c., of his pamphlet, is not conclusive as to the advantage of deep 
ploughing, and a small quantity of water, over the ordinary treatment, for, 
as he himself admits, it was impossible to say how far the increased out- 
turn was due to manure, or how far to deep ploughing. 
_ I believe it is generally admitted that the native system of ploughing 
is very defective. But though the husbandry of the natives is of a pri- 
mitive character, I am under the impression that their practical short- 
comings are not so much due to a want of agricultural skill or knowledge, 
as to apathy and the force of custom. Major Corbett used manure for 
his experimental field while the cultivators around used none; this was 
not because they do not know the value of manure, but because they 
either had none to spare, or did not consider the outlay that they would 
have to incur in obtaining it would be repaid by the increased out-turn of 
crop. They use manure largely for gardens, and for lands from which 
two or three crops are taken in the year, and they would use it generally 
if they had it, but it does not form with them as it does at home, one. of 
the principel elements for determining the limits to which agricultural 
operations of different kinds can be profitably carried on. ‘ 
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And something to the same effect may be said of their system of 
ploughing, They probably know perfectly well, that heavy clay soils 
would’ be improved by deep ploughing, but ploughing does not simp! y 
mean raking the soil, but turning it up, and the deepcr an implement 
has to be worked, the heavier the cattle, or the greater the number of 
them that are required. In many parts of India, however, very great 
care is taken in preparing tho fields for the seed, and when a sufficient 
supply of water and manure is obtainable, seed time and harvest may bo 
seen going on without any interruption, and in the same fields, from one 
end of the year to the other. It may also be mentioned that some of tho 
fat clayey soils, such as the black cotton soil of the Deccan, are cracked 
and fissured in every direction under the action of the burning sun of 
April and May, and when such tracts are irrigated by water loaded with 
rich alluvial deposit, the cracks are filled in by this fertilizing matter, 
and one of the objects of deep ploughing is thus fulfilled. We are 
accustomed to think the intense heat of the summer months an unmiti- 
gated evil, but in Tanjore, which is one of the most richly cultivated Pro- 
vinces in India, it is notorious that the morc intense is that heat of the 
hot weather, the better will be tho out-turn of the crop raised during the 
rainy months. 

As regards deep ploughing in the N. W. Provinces, I believe it would 
be very advantageous in clayey soils. Of course the practice described 
by Major Corbett of merely scraping such soils by the native plough, and 
of allowing the water used for irrigation, or the rain water, to soak and 
then evaporate from a depth of only a few inches must be very noxious 
Water to have full effect in promoting vegetation should be chang- 
ed frequently, and the matter exuded from the roots should be cleansed 
away. This is well known with regard to irrigation of meadow lands, 
which cannot be watered too often, and grass grows nowhere better than 
in sandy or gravelly soil, with only a coating of alluvium on the surface, 
showing that the more free the passage for the water into the soil and 
away from the plants, the richer will be the growth. 

“En‘a clayey soil I have no doubt that Major Corbett’s plan of deep 
ploughing with the object of allowing the rain water to sink to a con- 
siderable depth and there to remain in store, would be preferable to irriga- 
tion of a thin coating of loose soil resting on an impervious bottom, but 
I think he errs in describing this as the general character of the soil in 
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tHé!N. W. Provinces, There is in fact great variety of soil in’ these 
Provinces, some tracts are formed of a coating of clay of very variable - 
thickness overlying sand, and in others again sand predominates: In the 
Khadir land, that is the low lands bordering on the rivers, and liable to 
be inundated by them, there is an upper coating of alluvial matter, some- 
times very thin, and sand with occasional thin films of clay underneath, 
This soil is very rich, and is covered with grass when the higher lands 
' aredry and bare. Wells may there be only from 6 to 10 or 12 feet deep 
and the soil generally is always more or less moist, partly perhaps from 
the proximity of the well water, and partly from the fogs thrown off by 
the river. But no one ever heard of such lands being injured by excess 
of water, unless where jhcels or swamps are formed; on the contrary, the 
more they are inundated, that is naturally irrigated, the more fertile 
they become. 

As regards the higher lands, some, as before said, are clayey, but 
that the soil generally is not. of an impervious character is sufficiently 
proved by the extraordinary rise produced in the surface of the wells by 
Canal Irrigation in the N. W. Provinces and Punjab. I do not happen 
to have the figures by me, but I believe the elevation in some places has 
been as much as 15 or 20 feet, and the Canal Officers know very well 
that the canal water will go much further in one district than another, 
simply because in one case the soil is more sandy and permeable than in 
the other. So that while I have no objection to deep ploughing in such 
soil, it would not have the effect of hoarding the rain water in the 
manner desired by Major Corbett, but would on the contrary allow of 
its passing away much more freely than it can at present. 

Major Corbett, describes the cultivation of ‘ bhoor” lands at page 
7 of his pamphlet. Bhoor lands are to all appearance pure sand, and 
have generally an undulating surface. Major Corbett attributes to light- 
ness of tho crops raised upon them to want of sufficient wator and of 
manure, being apparently under the impression that a great part of the 
rain water that falls upon them runs off the surface or is lodged in the 
soil a few inches from it. He speaks also of these lands being less 
retentive of moisture than most ordinary land. But I believe he has 

not formed a correct conclusion regarding the physical character of these 
Bhoor lands. They are, if I mistake not, formed of drift sand and parti- 
cles of alluvium, which overlay stiff soil. The rain water penetrates the 
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sittin immediately and is, retained by the i impervious stratum under. 

neath, it may.be at a considerable depth below the surface. . Wore it 
otherwise it would seem impossible that any crop could be raised from 
such land. The process by which the moisture is obtained by the roots 
of the plants is in reality very difforent from that described by Major 
Corbett. Deep ploughing in this case would be of little use, but no 
doubt the addition of manuro would enrich the naturally poor character 
of the soil, 

I havo only one other romark to make. ‘Major Corbett says that a 
very small amount of rain, if utilized in the manner he proposes, would 
suffice to mature a wheat crop in the N. W. Provinces. But he has 
not considered that, let the amount of rain be as small as he chooses to 
mention, he cannot reckon on getting it, at the proper time. If rain 
docs not fall at all in October, November, or December what has he to 
fall back upon, unless artificial irrigation? Yet this was what happoned 
the year before last, and had it not been for the canals, there would have 
been a fearful famine throughout a large section of the N. W. Provinces. 
But if Major Corbett can help us to economize water we shall be very 
thankful, and if he can show us how to make the canals do twico the duty 
they do at present, he would add largely to the wealth of the country 
and to the Government revenues. 


[Nore spy Tux Epirtor.] 


As bearing on the question of how far the increased out-turn on Major 
Corbett’s land was due to manure, or to decp ploughing, the following 
extract from the proceedings of the Agricultural and Horticultural Society 
of India, 20th April, 1871, may be advantageously here quoted. 

It will be observed, that from Mr. Halsey’s point of view, deep plough- 
ing on an Indian Zemindar’s land may bo beneficial as a mode of manuring, 
by bringing within reach of the crops new and virgin soil; and this 
effect combined with the surface dressing of manure applied by Major ‘ 
Corbett, might fully account for the increased productiveness of the land 
in his experiment ; without having recourse to the theory of the retention 
of moisture in the deep and porous soil being secured by deep ploughing. 

“ In an interesting Ietter of 9th April (of which the following are cxtracts), Mr. 


Halsey shows the beneficial cficcts of derp ploughing, the snecess attending their 
annual cattle fairs, &c, :~- 
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“ To show you the effects of deep ploughing, I would mention that this year, or 
rather last September, I sowed a piece of land with carrot (country) using only half 
the amount of seed that the Zemindars’ do.. The land had only been plonghed once 
with Stalkartt’s plough, and side by side with the land I farmed was another field of 
carrots sown on the same day as mine, but plonghed eight times with an ordinary ya- 
tivo plough. My carrots were ready for consumption a fall month before the Zemin- 
dar’s ; his were two inches across at the head by six inches long, mine averaged eight 
to ten inches, and many were 12 and even 14 inches across and a foot long. 

“ A Enropean who rents land in these parts has literally no reason to use manure 
if he will crploy an English plough, as at ten inches decp, he tarns np maiden soil : 
you have to change your land cvery vear.” 


A. M. L. 
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No. III. 


om: 


SINKING PIERS OF THE BASSEIN BRIDGE. 
[ Vide Plate 1., page 22.] | 


Reports on the Sinking of one of the new piles at Pier No. 28 of the 
South Bassein Bridge, Bombay, Baroda and Central India Railway. 


Havina levelled the fourth column of this pier at the rate of seven piles 
below cap level, the column was cored to within 2 feet 6 inches of tho 
screw. After the lapse of fonr hours it was found that the column had 
sunk 2 feet, the core having risen to a height of 11 feet within the 
column, the cighth pile was then mounted and screwed to cap level ; 
whilst coring, and with a 2 feet 6 inches depth of core in the pile, the 
column suddenly sunk 6 feet, the core rising to a height of 27 fect inside 
the pile colamn ; the ninth pile was then mounted and screwed 2 feet in 
order to stop the water, after which the column was cored to within 2 
feet of the screw, this depth being reached and while coring and the tide 
being out, the pile column gradually sunk 1 foot 10 inches, the core 
rising to a height of 18 fect inside the column. After screwing again a 
few feet the column was cored to within 3 fect of the screw, when 
the pile column suddenly sunk 5 fect, the core rising to a height of 31 
feet inside the pile. The tenth pile has been mounted, and when screwed, 
I shall inform you of the result. The material passed through consists 
of fine sand mixed with soft blue clay, the sand being much in excess of 
the clay. 

‘In continuation of my report on the screwing of pier No. 23, Bassoin 
Bridge, South channel, I have to add as follows :— * 
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After mounting the 10th pile, and have cored the column to within 
2 feet 6 inches of the screw, the pile column suddonly sunk 5 feet, jam- 
ming the collar arms in the staging, the core rising to a height of 27 feet 
inside the column. The 11th pile was then mounted, and on attempting 
to core the column it was found impossible to decrease the water in the 
pile. In order to accomplish this, it was found necessary to screw down 
the pile, but scarcely had the pile been twisted through a quarter of a re- 
volution, when a sound was heard proceeding from the pile, indicating 
that it was cracked. ‘The pile column was then abandoned till the next 
day, in order to let the sand scttle, and so prevent the water coming into 
the pile. Subsequently the water having been cleared from the pile 
column, the place where the crack existed was discovered at a depth of 22 
feet below the bed of the river. The pile is severed throughout its whole 
circumference. When the sound was heard which indicated that the pile 
was cracked, there were only* sixteen mon at cach capstan, hence I do 
not attribute the cracking of this pile to any undue force being used in 
the screwing operation. This column has on three different occasions 
fallen through a space of 5 fect suddenly in each case, jamming the stag- 
ing, and it is not unlikely that this crack was caused by the abrupt stop- 
page received in its descent from the staging. I shall have the broken 
pile examined after extraction, in order to discover any hidden flaw which 
might have existed and escaped observation. 


15th October, 1870. 


© Extract from Roorkco Treatise of Civil Engineering, Vol. Z., page 282. 

' As an cxample may be cited, the wrought-iron piles used in tho piers of railway bridges on the 
Bombay and Baroda Raliway. Each of theso was screwed into the ground by means of four levers, 
each 40 foet long, and each baving cight bullocks yoked to it. According to this example, the 
greatcst working load upon cach sercw of 4 fect 6 inches in diamotor, exclusive of the earth and 
water above it, is nearly as follows :— 

Pior 25 tons +{superstructure 12 -++ train 30 = 67 tons = 150,080 Ihs., being at the rate of nearly 
100 tbs. por square inch of the horizontal projection of the scrow blade. 

As these piles arc screwed from 20 to 45 foet into the carth, the weight of earth above each sorow- 
blade may be taken as ranging from 14 fhs. to 30 tha. per square inch; so that the load on cach screw 
blade, exclusive of the weight of carth above it, ranges [rom 3 times to 7 times that weight, and in- 
cluding the weight of earth, from 4 times to 8 times. 

The chicf uses of screw piles arc to form the verticn] supports of platforms of open-work piers, 
whethor of timber or iron, and of such structures as harbour-jettics and light-houses, and to fasten 
duwn permancnt mooring-chains in harbours. 
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No. IV. 


NOTES ON RETAINING WALLS. 
(47H Parur.) 





[Vide Plate II., page 36.] 


For preceding Papers see “ Professional Papers of Indian Engineer- 

- ang,” (First Series) ; (No. 1.), Vol. I., page 826 ; (No. 2.), Vol. 1, 
page 448; (No. 38.), Vol. V., page 40. By J. H. E. Hart, Esq,, 
Executive Engineer, Dharwar. 


Tux Condition of Stability of the wall will be assured as regards sliding 
so long as W, A tan @ > P, in other words, so long as - = wa is 
not greater than tan 6; 
where, as before, P is the horizontal pressurc, V == W,A the weight 
of the wall, tan 6 = the co-efficient of friction. 

For masonry courses or rock foundations, tan @ = tan 364° = °74. 


For masonry on carth foundations, tan @ = tan 181° = -88. 


A wall will fail if the intensity of the vertical pressure at its outer 
face be allowed to exceed the power of its masonry to resist crushing ; tt 
es necessary, therefore, that the intensity of the maximum pressure per unit 
of base be kept within safe limtts. 

If p' = the maximum intensity of the pressure on the unit of base 
of a structure ; f = the resistance of the material to crushing ; and if £ = 
S' be considered a safe limit, then the limiting condition expressed above 


is that 
p = f' COHORSESEHOOETE SES BESTEL CES EASE OH ESS (24). 


If we confine ourselves to a slice of the wall of a unit in length, the 
maximum pressure may be arrived at by the following reasoning :— 
Let R be the resultant of the forces acting on tho wall; it is composed 
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of horizontal and vertical elements, P and V which may be supposed to 
act at the point where R cuts the base. 

‘The former of these components can have no effect in producing ver- 
tical pressure ; 60 that we have only occasion to examine the distribution 
of the vertical clement V over the base. 

When R, and therefore V, is applied at the centre of the base, the 
pressure will be uniformly distributed, and may be represented by the 
rectangle ABCD in Fig. 34. 

When B does not pass through the centre of the base tho. pressure 
varies uniformly, decreasing towards A as it increases towards B, and is 

represented by the ideal figure ABC’ D’, through 

Fig. 34. >” the centre of gravity of which V passes as the 
resultant of the vertical pressures. The ordinates 
of this figure AC’, 00’; BD’, represent the pres- 

sures respectively at the points A, O and B. 

The mean pressure, therefore, increases towards 

B by the ordinates of the triangle O' DD’, and 
|}  ~ decreases towards A by those of the similar, and 

ae equal, triangle O' CC’. 

The maximum pressuro, p’ = BD’, is therefore represented by a pres- - 
sure of mean intensity p == BD, plus an increment DD' = a p.. 

To find the value of this increment, we equate tho moment of ABD’ C 
with the moments of its component figures AQO’ C’ and OBD’ O* about 
the neutral axis OO". 

If « be the breadth of base, gz the deviation of V from the centre of 
the base, the area ABD’ C = the area ABCD = pz; therefore the mo- 
ment of ABD’ O' = px X gz: 

Also, if A’ be the area of AOO’ C = OO’ BD, and if we consider 
the moments of AOO’ C’ to be negative with respect to the axis OO’ we 


_ ale Art , 2a) GA — ( Ap® y, 2a) 
have pags = AT + (AE x = 7 (4: x 7)\= 
De nasesavs seuer sduitend des tanctunisenaaca eaneaeionaee: sesseseee (25). 
roe Ap == 6pq, and the maximum pressure is 


DP HF Gpg = p (1 fb 6g) fa nrscrerec sovsccecccccavccsesssence avessseve( ZO) 


* The momont of AGO’ CO is made up of the moment of AQO’ C = the moment of 0’ CO’, and 
that of OO’ BD is made up of the moment OBDO’ -+- the moment of O/ DD’. ' 
¢ The above reasoning we owe to Lieut. O. Chadwick, 2.E., who arrives at the following general 

fermulte for the maximum pressure of structure on its base, such as shown in Fz. 84a. 
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' This equation however fails to represent the maximum pressure at B, as 
soon as“there exists a tension at any point of the base; that is, as soon 
as c' lies between A and B, unless we take the tension into account, The 
effect of a tensile force in masonry is much too uncertain to deal with in 
practice ; and we shal], therefore, neglect it in estimating the maximum 

. pressure in retaining walls. When c’ coincides with A there is no tension, 


Qgr = Spqx — So +Qd = (22 _ Y a’) = 9 Y d’ ore ercrcccvarccscceeccceccneseeess( site 


from which, by substituting values for Q’, a’, and S is obtained the increment of maximum pres- 
sure p’ over the mean pressure p ; and, conscquently, the maximum pressure itsclf in terms of the 
mean pressure and deviation gz, of the resultant pressure from the contre of base. 
In the formula, 
Q = the volume of ideal solid representing the total pressure on the basc AOB whose area = &. 
Fig 34a Q = the volume of the equal wedges O'O” DD’ and OO"’CC’ 
9 . representing the increase and decrease of pressure on 
0 ny o either side of the nentral axis O' 0”, 
d = the distance of the centre of gravity of the half of figure 
ABCD from the vertical through the nentral axis, 
d' = the distance of the centre of gravity of the wedges Q' 
from the axis. 
Ap = DD‘ = the increment of pressure at the onter edge (B). 
Examples :— 
For a Rectanguiar based structure 


i = length of base x = thickness S = U2; Q = DDL. gw — 








4 
| e ’ 
NiesGosogas aca as} - Spor = Ipgz*® = 2 x Avie x = 
therefore Ap = 6 pq; and, as before, p’ = p (1 +4 6g) -...(A). 
For Cirelegn 
= oe sr? = 2pp'r" 1 xe Sgt 
” = radius = > § - YY 3 » a is 
3 2 
_ er ._ 2 Ape 3 7a 
Ng ea Tae 
Therefore 


Ap = 8 pq, and 7’ =p (1 of 8 q) eo cccccccccvecsecccesesouelds)s 
It will be found aleo that these formule (A and B) may be derived from equations and tables in 
Rankine's Applied Mechanics, articles 94 and 205, pages 77 and 229, in which we find “‘p’ = » +. aa,’" 


which equation as a is 3, or x becomes in our notation p’ = pba; and @ = 22.8; fo =gea,I is 


the moment of inertia round the neutral axis, as given in the tables of such in the same work 
therefore :-— 


= Qqs° Ce oveeceesevecssoesnes 
7’ =p + “oi wecsnevee ° (255). 


Examples— 
"For Beotangles :—Q = plz; ae p+ RLEf8'= pa toe) 


7 





2 2 
For Circles :—Q= p ™"_ ; = Tel v=pts so Cf =p (1-8q) 


4 +s? Ce 
64 sd 
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and q is 4, p' being equal 2p; but if ¢ exceed } the ideal figure spre: 
senting the distribution of the pressure is c” BD”. 
The vertical through the centre of gravity of this figure, sid conse- 


quently the direction of V, cuts the base at a distance, from B, = = and 


consequently at a distance g 7 == > _ = from the centre of the base; 


therefore BO” == 8 (+ —9 n). 
The total pressure, ig abemaias by the area of the triangle C” BD”, 


is aad = px iB —~ ‘) and is also represented by the area 


AOBD = p a; therefore p x = : pea G — q) and the maximum pres- 
sure when q 18 greater than 4 ta 
f — 2 ao SS ee 4p Soares cesses (26a). 
We shall, therefore, use whichever of these equations (26), or (26a), may 
suit the case; that is, according as q is less than, equal to, or greater, 
than 3, and the process of designing walls for limit values of p' will be 
tentative.* 
The above alternative formula—(26) and (26a)—are respectively used 
Taste VII. 
Tas.e or Ratios or Maximum To MEAN PRESSURES CORRESPONDING 
TO VALUES OF g AS FOLLOWS :— 





Formula (26),¢ <= + | Formula (26a), ¢ > 4 


Q= Ol deo loeie) tt] *F Jape] et] ey tl we | 8 
P= PSP sPlspltp| te |2rppspl| sp l4pl Sp] Fp | x 
P= J, |1-875| 1°5| 1-6 /1-75| 1-857] 2]2-228|2c67| 4 [5-384 |10°667| oc 


as eae 





* Bquations (26) and (26a) are identical with equations (1) and (2) given for the same purposein 
M. Delocre’s Mémoire, a most valuable translation of which has been prepared by Colonel Fife, R.E., 
for the use of the Bombay Irrigation Department, as mentioned at the conclusion of No, CLXIX. in 


Vol. IV., of Indian Professional Papers. 
In that —— U {a the distance from where the resultant cuts the base to the outer edge, and 


therefore equal, = ~ gz of opr equations. If we substitute this value for U in his equations, and 
remembering that p = < = =, we obtain, allowing for differences of notation, those in this 


paper. 


“ + << is less than or equal to; o is infinity; 


==> is greater than or equal to; > is greater than. 
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according as g.is greater, or less than 4, and ‘Table VIL, is —— 
from them :—~ 

. According to the hypothesis of these papers, which silat as an 
element of safety and for sake of greater simplicity in the formula, the 
vertical components of the pressures against the backs of walls, we have 


Basie ciiciatasbasstncasetescdusmnasen(d): 


@ 
in which V is simply the weight of the walls. 

For most practical sections of walls there is little error involved in 
this hypothesis, and for vertical backed walls the equation (27) is strictly 
true. 

For Vertical rectangular walls 

V=W, fh a, and p == W, A cccsrcoscseserecssees( 28). 

For Vertical backed triangular walls 


Vv= om Ww = and p = eo WA egeee sessssessssv scenes (29). 
For Vertical backed epee = 
Va WALES and p= M4 (1 4. £)......(80). 





orift=—=n2; p= wu (1 + < 


We see, therefore, that p’ varies as W,, A, directly, and as q inversely, 
so that the higher the wall the less must g be; also that if we reduce the 
weight of the wall per cubic foot we decrease p, and therefore p’. 

‘In walls of similar sections with equal values of g, we have p’ propor- 
‘tional to h. 

If we substitute these values [equations (28), (29), (30), ] for p in 
equations (26) and (26a); or in the table, for the desired value of g, we 
obtain the maximum pressures p’. 

For Vertical Rectangular walls— 


Gq=t; p= W,A(1 +69) , 
e fe 4 W, h eose eeesee (81). 
q > %3 Psi) 
For Triangular walls, with plumb backs— 
' W,hk 
q=t} p= —- (1 + 6 9) - 
. 1.2 Wik ae a 
q = 4; | diac 3 (1 — 24) 


For Trapeziodal walls, with plumb backs— 


mz . ; ? “ 1 

} . aoe ' " a 
ve! ee ‘ oe . eo ; c aaa 

? “v 1 na * Es aa? : ; 
’ s , . ‘ +? bs ™, wh a z sab’ ‘ 

j Basi ‘ 4 ed War, ee 
a ’ . ey “ ; 
a 7 . 
“ . 


ise 
“get 


| ere i gail: : of ae WE fy 
OS 98th vePa¢aseg | 
‘ a Wbasd) geen) 
q>4; Y= 3 aT SC 


The tables of ratios given above will be asefal in the tentative process 
which becomes necessary in designing walls by these formule, because 
having by either formula, obtained a provisional breadth, we are enabled 
to test by a provisional ratio of p to p’ whether the appropriate formula 
of the two (26 and 26a) has been used to calculate the breadth of base. 

‘We may, indeed, moreover, by method of trial and error, obtain the 
breadth of base for a wall. We would in calculating in this way assume 
a value for g, and design the wall by one of the formula in Table VI. (No. 
CLXXIV., Vol. IV., First Series, Professional Papers); then calculate 
y’ by one of the preceding formule, if this -exceeded or fell short of our 
limit pressure by much, we would produce a fresh design with a less or 
greater value for qg, and so on till a satisfactory result was obtained. This 
is not so philosophical as the method mentioned further on, but it may be 
adopted if thought fit. 

In any given wall, #%g. 35, if q’ 2 == KO, be the distance from the 

Fig, 35. centre of the base to the vertical let fall on it, 
through the centre of gravity of the section of 
the wall, measured on the base; and qa== O, E, 
as before, the deviation of the resultant, we 


have (q' gq) a: : ie eg 


Ph 
OU Bre EO ceeeeeeee (B44). 


Whence we may obtain g if we know the 
value of q' a. 
For Vertical Rectangular walls< 


Ph 
q t= 0 ee ¢g = — 3 BVa’ vasvesceee-a(B5). 


one Triangular walls, with pivee backs— 
gq w= a 6 DTH TG ceeee eee ee(BB). 
For Trapezoidal walls, with plumb backs— 


* The upper sign is used when q' z and g# are measnred on the same side of the contre of the pees 
that is, whon the vertical through the centre of gravity of the soction falls at opposite side of centre 
of base from the point where the resultant ents the base- 
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t— 





ag re en mm Sep edeceesetes nel B2); 

And sceoriing to the iia ee for q, we es in sdlcatatiae the 
maximum pressure, the first (26) or second (26a) of the alternative 
formula. 

Also, if in equations (31), (82), (83), we substitute for p’ the safe limit 
f’ to be assigned to the maximum pressure in the masonry used—equation 
(24)—we obtain limiting heights for walls, for given deviations + 9 of 
the resultant from the centre of figure of the base. 
_ For Vertical Rectangular walls— — 


qt; =F ateD Ta aes 
gf l1=—2 eccesevesece * 
q>3; b= at Oo 
For Triangular Walls, with plumb backs— 
a 2f 
8 tT] ] ao 9 eeevesos Soars ry 
q >; k= LG 2 
For Trapezoidal Walls, with plumb backs— 
9 é 
g23; b= ———__ 
| WiGit+s)aten 
ee er) ae ca ssseeee(40). 
> 63 eee ee ee 
2W, ( 1 +} 


vu 
Taking the safe loading for wae to be 5} tons, or about 12,800 


pounds per square foot* (85°46 Ibs. per square inch) ; and its weight-per 
cubic foot to be 140 pounds. For brickwork, the same load, and its 
‘weight 100 lbs. For ashlar, the safe load 403 tons, or 7,20,000 lbs. per 
square foot, and its weight 170 Ibs. per cubic foot—we calculate the 
following table of limiting heights for sige Sa walls, for varions 
values of g. 

[For Triangular wails the heights will be double those in the table; ud 
for Trapezoidal walls they will be increased in the ratio of 2 (a + =) tol. 


‘The first column—that in which g = 0, shows the height to which an 


ordinary parallel faced wall may be built provided it be not acted on by 
any external force. | 


* For rubble /’ ought not to exceed the safe resistance of the mortar used in building it. 
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TABLE VIII. 


Tapie oF Sare Limitine Heieuts ron RectaNnauyaR WALLS FOR THE 
THE FOLLOWING VALUES OF g. 


oe 


| Formula 26 ; ¢ <=}. | Formula 26a ; I>} 






gj = 





pm iaeooelee Weenio f h =| 88 64| 59| 55) 50| 47; 444 40] 38) 29] 17] B-3K 
— 9 le 7 


fz 128,0001bn Woz 100 f h ==|123) 90] 82| 77| 70] 66] 62] 5a] 46| 81) 28] 11:6) 
enemas 9 se ase 


Ashlar. _ : 
f' 2720000 be W, ==170 ¢ # =/424}808|282/265/242/228121211011169]106) 79 


Hitherto we have taken the vertical component of R to be = V, the 
weight of the wall only, and for the cascs we have investigated this is 
strictly correct; but when the backs of walls slope, the value of the verti- 
cal component V,, is really the weight of the wall + the vertical com- 
ponent of the normal pressure against the back of the wall. The nega- 
tive sign is used when the wall leans backwards as in Figs. 21 or 28, 
Table VI. 

Let N == the normal pressure ; V, its vertical, P its horizontal compo- 
nents; £8 == the angle the back of the wall makes with the vertical; ¢ == 
the ratio of the batter to the height, [say rh = “ road = tan B;] 


Then 
P =Ncos6 


o== N sin 8B = P tan 8B = Pr 
V=VtvVv=VtNsnB=VxtPtanB 
For Water pressure— 


__ 6244 ho __ Blo 
N — a x “cos B amma COs B anpeRar een te Tee (41). 





therefore 
P =—. 81°2 ih? POH KSC OEDEORCOEHEOHOORSLOCTOOR (42). 
Vo == 81-2 A? tan B .......000. sdeduevecease (48). 
V, — V + $1°2 h? tan B eeccce PYTTTTTrTy (44). 


Vs 88 therefore simply the weight of the column of water, resting on the 
sloping back of the wall, and when the back of a wall is vertical 8 = 0 
e's Vo == 0, and V, = V = weight of wall only. 

To apply these formule to the case of the large rubble dam, now we 
believe under construction at Kurrukwasla, near Poona, the description 
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of which was published in No. CLVI., page 274 of the Biret Series of 
the Professional Papers, we find that— 


Viz= V + Vo = 378312 + 11269-79 = 389582 ths., nearly; p = = Ys = 


889582 
TG7E — 8888°8 Ibs, 


10°22 10-22 22. ~—Ctil ° ‘ 
= —— = go75 = ge77 Which being > 2, we use formula (26a), 


7 z 
therefore 





4 33838 
p= ees sit Sagar == 197425 Ibs. = 8-8 tons per square foot, 


or nearly 187 pounds per square inch. 

In order to deduce the breadth of base of walls, according to the fore- 
zoing principle, ¢. ¢, that the maximum pressure shall nowhere exceed 
the safe limits of resistance of the material, we replace in our equations 
the quantities p’, p and q by their values :— p’ =f’; g = pa > q 
= a » in which case 

Equation (26) becomes 














aoz f'= p(l+6q)= Phire(gyy = seeezaday (45): 
And equation (26a) 
” f' siass 4 P 4V, 
~~ 3 ga —2 q) = P h er | weegescctos 45a e 
ad Veta 8V,z +4 - oe 


These formule are of general application when P, V, and q’ are known, 
and the equations being alternative will one or other be used, according 
‘o whether g is < or > 4; or, what is the same thing, whether p is 
‘ound to be > or < £. 

The process will, therefore, be tentative, and lengthy. It will be neces- 
sary to examine also the conditions of unit pressure for both the outer 
and inner faces of such dams as may at times be deprived of the pressure 
t their back, and care is to be taken to include tho effect of the vertical 
alement of the normal pressure in the value of V, for walls with battering 
decks, 

As an example of the method of extending the above formule, we have 
as follows:-—~ 

For Vertical Backed rectangular walls— 

V,= W,he; f= Oss 

_ Therefore by equation (45) when g = 

f'=WAML+ sy—w F 9) 


ae | a 
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fia * | vee see aee 
h = Ip - Wy 2 eocee rere eT 2see0en 6 ? ‘ (48), 
& were tacccceooosccaess eeoredooce. SVETHOsEesBCeTe (47). 
or by equation (45a) wheng># | 
f= ass ‘wie : 7 
8(\— Swe F 9) 
h — 8W; eas at eeousease Ceceeces Pee ee Seasesess (48). 
t= A apa CS eoeee BEOREHCEOegare #40006 (49). 


W,(8f'—4W, 
For a plamb baakat triangular wall 


V az Wit? and q’ => 
™ 6 
Therefore by equation (45) 
tae — a; h — fs COCeOReOH DDO OOO EES DELO EOE OERCES (50). 
H = /iEF POCO Oe SEES COC CHEE D EES DEEL c OED BELe HOLE EOS (51). 


And by equation (45a) 
W, hz? 2W, ff’? —2P. 
tI — cWoelee h — ae ed teseoccevan (52). 
_/  ieF 
e H — W,@S Qf? — i. Why ih) SSHPFeCeeeseKhesseees PBeoovetag Soeeeeuss (53). 
Applications of equations (45) and (45a) might be multiplied to almost 
my extent for walls of various sections, but we shall merely here give 
mother application, and leave it to the reader, to extend the formule as 
e may desire. 
For a triangular wall, with back batter given. See section 26, Table 
7I, 
Let r & be the given back Sa in this section we have 


V,-V+V= Wi? 4 Prand f= — 


iherefore, by équation (45) 
»  (Wibo , Pr #G —~=) 

= (+ ae (swaerr 6 Be ). 
thence fh and x may be obtained. | 

It may assist to give values of ¥, and gq’ for various sections, as follows :— 
For figures, see Table VI. in 3rd a Vol. V. First Series). 
Sect. 20 vertical rectangular walls, ae == W,hz ; and q' = 0 


» 21 and 28 rhomboidal reclining walls, V,= ss WiAaw = Pr;and 7 = -—— - 


‘NOTES oN INTAINING WALLS. ee: 


Sect. 26 and 27 Measles wall, back ~ Wh r] =~ th | 
batter given, .. 4s lua Se wim C5 
Sect. 80 trapezoidal wall, back plumb, .. V, = = WAGED on 


@-9 
¢=(3-%)-3 C- - $9) 
Example of the caloulation of the breadth of base for a reservoir wall 
er dam under similar conditions to those in Plate V., Vol. V. [First Series] 
(8rd Paper); so that the maximum pressare shall not exceed 20,000 
pounds per square foot. 
Section— Vertical Rectangular.—In this case h = 40; W, = 140; 
P = 50,000. 
Let 7’ == 20,000 Ibs. = 9-9 tons per square foot (140 lbs. per square 
inch, nearly). 
We use formula (50) for reasons given further on— 


a: ties — 2Pf sf 2 x 50000 x 20000 
Rie W, Bf" — £W,h) 140 (8 x 20000 — 4 x 140 x ra 


aA 3799 == 195 nearly. 

In this example we have an instance of one of the uses of Table VII. 
We find that for a rectangular wall » == W,h = 140 x 40 = 5,600 Ibs., 
therefore == 2 = aaa = 3°5; consequently, we see, by the table, 
that.g must lie between one-fourth and one-third, and therefore we at 
once know which formula to calculate by. 

Also in s plumb backed triangular wall :—p = ah and the value of 


£ would in a similar way show us which formula to use. 


But in a plumb backed Trapezoidal wall p = lad (1 “fon =) would 
leave us in doubt, although it might help us to approximate. So also in 
walls with battered backs, x appears in the members of the equation for 
the pressure duc to the vertical clement of N ; and, therefore, we are un- 
able to do more than approximate to the probability as to which of the 
alternative formule is to be adopted. 

In designing a wall we may make use of the principle of limit pressures 
merely, and guide us in determining a value of g which would approxi- 
mately give us the desired limit pressure, and then using the value of q 


% This last is merely a particular case of the general ‘one of a trapezoidal wall with back batter in 
which Vi = WACO + Pr, and 


a’ Aol) 


a 
a —_— = £ me 
: 32 Tx ) 5 5 (- (e+e) 
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oe : oo SORES ox mararmin, wa 


no aun we. may calenae awe bd by ‘ont, at: the formal in 
Gable VLE ese gee 
For 8 Vertical retegul val ie sgeaton (260), wa ae nis | 
| g¢= = = _ S wv san 
and.s sO On for other. sections. | ogo! 
We have thus indicated the direction which calculations for determin: 
ing the sections of walls according to this principle of limited unit préséars 
should take; but we must refer the reader to M. Delocre’s élaborate 
Mémoitet for its development in detail for the particular case: of Resor- 
voir, Walls. 

The method he has adopted for determining the profile of masonry 
dams is in our opinion the most theoretically and practically perfect yet 
developed; but the calculations are long and tedious ; and, although essen- 
* tially necessary in structures of large dimensions are not suited for re- 
production in notes of this description, which treat of ordinary-stractures 
only. His process is briefly this :—He divides his walls into ume parts, 





sce Fig. 86. 
lst. A Vertical rectangular portion ODBA of a breadth equal that 
Fig. 86. selected for the top of wall; in this portion 


the maximum unit pressure will at all pdints, 
except the lower portion at A, be less than 
the limiting pressure 7”. 

2nd. A Vertical backed trapezoidal por- 
tion BAMN, in which the pressure at N and 
M shall not excced j” when the reservoir is 
either full or empty. 


* Wo wish to add to the “ general formula’’ in Table VI., page 44, of Vol, V., First Sorics Profex. 
sional Papers the following cascs of trapozoidal walis— 
(29a) Trapezoidal wall, with face batter, rh, given. 


6B q-2rt-e rh t 
# i es eran a ARENT IN RPO _— 
1 da po +Gerptt) 7 Cress 5) 
(30a) Trapezoidal wall with dack batter, rh, givon, 


SO ght rhe 7 rh t\t 
no fs Gap) Gap) 





Also te note that in case 32, g is to be taken asa fraction of zg; and that to obtain 2, in terms of P 
and W, we may replace 3, in any of the equations of the table by we" 

+ See Rankine’s Civil Engincering, Art 268, pago 397, 2nd Kaition. * 

$ Translations published in the Engineer (London) of 10th July, 1868 and following numbers ; 
and also by Government of Bombay, as No. IX, of tho Irrigation Scrics, 1869; also in Spon’s Dic- 
tionary of Engincering. 


sons. aed wea aes 8S is 
“oa, ae, e tag 


Bd. A 4 soning ih has tntnenbictie Oa iui oa t i 
in wih the list pressure ig not exceeded at ‘he phints Mt" Wee: 7 
in » serics of horizontal sections taken in ‘the profile!’* “"* ie 

"The first. portion. is determined by finding’ the height which will ‘give . 
the limit pressure at A for the given base == t. | — ig ae by i erreme 
identical with formula (46) and (48). : : 

The second by determining the height from the combination of equstiicd 
containing two unknowns, so that the limit pressure shall not be exceeded 
at either the front.or rear of the wall. One of the equations is obtained 
expressing the unit pressure at N, the other expressing the unit eee 
at M.. 

The third portion is determined by dividing the profile into layers, 
more or less numerous, according to the accuracy with which it is required 
to lay down the curve or batter, and operating as in last case; also 
taking care to introduce the effect of the vertical element of the water 
pressure on the sloping back. 

In every case the process must be tentgtive, owing to the impossibility 
of determining beforchand what will bo the value of g, and consequently 
of selecting which of the alternative formula we shall make use of. 

As the dimension at top is a preliminary in designing a dam, we would 
suggest the following practical rule for it :— 


h 
‘= — 2 +35 Coeceetse a600006 ioune soecccescesecnee( OO )e 


the first member of the equation would represent the top breadth for 
all walls, such as retaining or wing-walls for carth pressures, the second 
members would give the increase for dams to enable the crest to resist 
the shocks of ice, trees, or other floating bodics ; this equation leads 
to the following values of ¢ for given heights :— 
= 10 20 80 40 60 80 100 120 140 150 = feet. 


t= .§ 4 56 G 68 10 12 MW 18 WY y 


In the Mémoire referrod to, the author has taken W, == 125 lbs. per 
cubic foot nearly ; and he considers f'' to lie between the extreme limits of 
6 kilogrammes per square centimetre = 5:49 tons per square foot 

== 85:8 lbs. per square inch. 


and 
14 kilogrammes per square centimetre =: 12:8 tons per square foot 


== 156-4 Ibs. per square inch. 






~ 
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<n ‘bia designs of th Daiens dina, he iad iacin oy eatidg— - 
fat ‘kdlogrammnoen pér squaré centimetre => '5'49 tons per eqtare: pa 

pk fe a Hin Bam, ha toon Se hw St gp § , rdvmulic °. 
mor tai ae ay : : " 

fre8 kilogrammes per square centimetre = 7814 tons per ease ‘oot | 
== 118°8 Ibs, per square inch. 

Profiles of these dams are given by Ool, Fife in his Paper, No. OLXIX, 
page 411, Vol. IV., of the Professional Papers. (First Series). 

| The Furens dam is designed so that the maximum pressure shall not 
exon 6} kilogrammes per square centimetre, or about 6 tons per square 
oot. | | 

The Ban dam also is so arranged that the maximum pressure shall 
not exceed 8 kilogrammes per square centimetre, or about 7:3 tons per 
square foot. 

The weight of the masonry being 124'8 lbs. per cubic foot in both 
cases, Plate II., shows in Figs. 1 and 2 examples of walls similar to those 
in Plate V., Vol. V., First Serics. In these diagrams the breadth of 
base is obtained from thc data shown below the figure, and the calcula- 
tions based on the principle of limit pressures. 

In the same Plate, are Diagrams of Walls, designed by Messrs. Graeff 
aud Delocre, in which thc maximum pressure is, as shown on the outside 
at back and front of the figures, written on the slope, and given in tons 
per square foot. 

The dimonsions are given in feet and decimals, 

From these diagrams, and from the sections of the Furens and Ban 
dams, a reservoir wall to suit almost any conditions may be obtained 
“y meroly cutting off the selected profile at the required height ; but 
in preparing projects of any unusual magnitude, we carnestly urge the 
reader to consult the Mémoire referred to; and with the data of his 
situation to use the principles there set forth in calculating the dimensions 
of his work : he will thus secure safety and cconomy in his design. 

J. H. E. H. 
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No. V. 


LIGHT RAILWAYS. 
[Vide Plate III, page 38.] 


Project for a Light Tram or Railroad to be laid on any Ordinary Road 
By Ligvt. J. A. Axmsrrone, R.E. 


Tae question of narrow gauges and light tramways having lately come 
a good deal again into gencral notice, the enclosed little Project, which 
was laid before Colonel Strachcy last year, may be uscful in setting the 
example of opening the question at what expenditure per mile in first 
cost and maintenance a tramway or light railway should replace the 
ordinary pucka Trunk Roads. The cost of maintaining the Lahore 
and Peshawur Road up to its proper standard, I estimate yearly at Rs. 
700 per mile. The tramway might, I think, be well constructed on an 
existing road at 14,000 Rs. per mile, or at a cost equal to 20 years of 
road repairs. Tho advantages in traction alone by horse or bullock 
powér would pay for the little special rolling stock and maintenance 
required. The wheels might be fitted with loose flanges, or broad flanges 
on which they could run on the ordinary roads. A portable ramp or skid, 
would enable them to leave, or gain the track, when required. Where 
timber is plentiful, the longitudinal sleeper system would be adopted to 
carry the angle iron rail. Over sand the line might be converted into one 
big longitudinal sand-pot, by closing the bracing, with buckled plates, 
or corrugated iron. 

The wheels having a sliding motion in the dircction of their axles 
could accomodate themselves to very quick curves. 

The fish-plate is equally strong horizontally and ycrtically. 
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In this system the wheel flanges are placed outwide the rails. The 
rails are of angle-iron secured to cach other, and partly supported by 
cross bracing of angle iron, which take the part of sleepers and chairs, 
and keep the line in gauge. 

Plate IIl., Figs. 1, 2 and 3, shows the method proposed, and details 
of a line of 8-feet gauge with 3-inch angle iron rails, and 24 angle iron 
bracing : on levels a lighter bracing would probably suffice. 

The bracing here adopted is a single system of equilateral triangles. 

The whole is put together with screw bolts fitted with square heads 
countersunk in the rails; the counter skids in the fish-joints, are length- 
ened to admit of expansion. 

As will be seen from the Plate there are but three patterns of iron- 
work in the structure. 

The line would be laid on an ordinary metalled road, the surface of 
| "which would be loosened and levelled; the filling or ballasting of the 
, permanent way, would be of rammod kunkur or concrete; if these - 
materials be not found sufficiently elastic, asphalte, or mastic coment might 


be used. 


The material used as ballasting is boxed up, and cannot spread, it is 
hence capable of bearing a considerable pressure per unit of area, and 
unless the wheels of the wagons carried a very great weight, the rail- 
way would compare very favorably with the weight per unit of surface 
that the Lahore and Peshawur Road has to carry daily in all weathers, 
It is not, I think, generally known, that country carts carry often 100 
maunds on two wheels, which transmit all this weight to the road through 
an iron tire 1}-inch breadth. A load of double that amount, or nearly 4 
tons per wheel on the 38-inch table of the tramway would hence represent 
the same conditions of wheel load to area. But ix the road, this pressure 
is not distributed over any large area by the cohesion of its substance. 
In the tramway tho case is very different, so much so that at low velo- 
cities a layer of grass or rceds would, I think, float it on sand, 

When once laid repairs must be reduced to a minimum, there is no 
wood-work to decay, and the ballast cannot shift. Such a line laid on a 
common road, would be less liable to injure cattle passing over it and to 
be itself injured by a cart going over it than any of the ordinary forms. 

The road might be most easily dismantled and reconstructed in 
advance, as it was replaced by the railway, although if uscd as a per- 
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| saad Tine | it "would be prebably advisable to rivet ap ‘all but the fish: 
joints. 

_ No:skilled labor would be required, except perhaps on curves, but this 
might be obviated by having special lengths constructed for curves of 
different degrees. 

If worked by bullock power three abreast would probably be the best 
arrangement, 

I now propose mentioning the special facilities that this plan would 
farnish to steam power over a hilly road, and sharp curves. 

It has been before observed, that the flanges of the wheels are placed 
outside the rails, and that the rails themselves, are strongly braced toge- 
ther in a horizontal plane; this forms at once my track and central rail.. 

The load is carried on the horizontal surface of the rail, the vertical 
edge of the rail is gripped by the wheel flange. 

igs. 4 to 5, Plate IIL, show several arrangements of loose wheels, 
loose flanges, &ec., for effecting this object: a sliding wheel on feathers, 
with the flange removable for renewal, or returning, compressed in coup- 
les, would probably be the simplest arrangement; also on removal of the 
flange the ongine could travel on common roads by its own power or 
otherwise. 

The cost of such a Line may be judged from the following rough 
data :— 


PER MILE AS IN PLATE. 


83-inch angle iron, at 10°4 Tbs. per foot. 2 * 5280 ~ 10'4 Ibs = 49 tons nearly. 


23 inches angle iron, at 5 ths. per foot. 2 x 5280 x 5 = 24 
Total, .. 73 tons per mile. 
ABSTRACT. 
Angle iron, 73 tons, at 150 Rs. per ton, .. oe «» 10°950 
Bolts, 8000, at 8 Its. per gross, .. ne ar 440 
Ballasting, 5280 cubic fect, at 10 Rs, per 100, oe ve 528 
Laying, 73 tons, at 6 Rs. pertop, .. oe os os 365 





Total, .. »» 12,283 
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No. VI. 
THE IRRIGATION OF FRENCH INDIA. 


 Betracted by Lieut. W. G. Ross, R.E. from an article on Indian 
Irrigation, by M. Lamainussn, Chief Engineer of the “ Ponts et 
Chausseés,” in the volume of the “Annales” for October, 1869. 


M. Lamarnessz has written an exhaustive article on the irrigation, 
principally of Southern India. The matter relating to English works 
appears to have been mostly derived from Baird Smith’s work on the 
irrigation of the Madras presidency, and it is not necessary to extract it 
here. Such portions of the article as relate to French territory may 
however be extracted with advantage, as some uscful tables and data are 
giyen. To facilitate the conversion of French weights, measures, &c., 
into corresponding English quantities, the following tables and formule 
are appended. 
1. To convert degrees Centigrade into degrees Fahrenheit :-—~ 
Let F = degrees Fahrenheit. 
C= ,, Centigrade. 
Then 
F=2 x C + 82°. 
2. Long measure :— 
1 Métre = 10 decimétres = 100 centimétres, 
== 1000 millimétres == 39-871 inches. 
10 métres == 1 decamétre; 100 métres == 1 hectométre. 


3. Sguare measure:— | 
An are = 10 deciares = 100 centiares == 1000 milliares 
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a z=. 119-60 square yards. 
> a “=. square decamétre (10 métres square). 
=e an 10: == one decare; 100 ares. = 1 hectare. oy Se 
ee eee Os hectare == 24719 sores. Has age 
oe J pe Phones | Phe 
"oo One Hitre == a chbic decimatirs == 1° 761 imperial pinta, Ms 
se | == 61°028 cubic inches. — 
ioeivid — Pondicherry. There are two seasons, the hot which is“ 
the longer, and the cold (fraiche) commencing in October and ending in 
February. SE. winds blow during the first half of the warm season, and hot 
fand winds from the west during the last half of the warm season. North 
winds, which are excessively cold when they come from the North-east, 
blow during the cold weather. The hottest weather is from the 15th 
March to the 15th June. The climate, however, is generally healthy. The 
mean day temperature is 32° and the night is 26°, 

Chandernagore. This station is situated on the Ganges, and is covered 
with a large number of tanks and groves, which make the climate more 
agreeable than that of Calcutta. From the commencement of October to 
that of March the mean temperature is 22°, with a variation from 17° to 
27°. From the beginning of March to the commencement of October the 
mean temperature is 31°, and varies between 30° and 83°, with occasional 
rises to 87°. The hottest month of the year at this place is May. 

Mahé on the west coast at about 4 of the distance between Cape Com- 
orin and Bombay has a more regular, fresh, and healthy climate than the 
stations on the East coast. The temperature varies from 22° to 26° in 
January February, and March, from 25° to 80° in the months from 
April and September, and from 23° to 27° in October, November and 
December. 

EvaroraTion.—English Engineers are said by M. Lamairesse to treat 
this subject in quite an empirical manner. Thus, without being able to 
prove their assertions, they are in the habit of saying that the daily loss 
due to this cause is on every square métre 0:083 métres, (This is 
equivalent to a depth of 8:26 inches !). 

At Chandernagore, where tanks are not used for irrigation, and where 
they are found under various conditions, a series‘ of observations which 
were put in hand lately gave the following results. 

From the 27th September 1865 to 15th ‘December, (76 days,) the 
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evaporation, deduced from ganges on 60 tanks, whose surfaces varied 
from 1 to 150 ares, and whose depths were from 1°80 métres to 5°60 
métres, varied from 0°63 métres to 0°90 métres. (This gives a; daily 
evaporation of 0°3264 to .0°4662 inches per diem—a resnlt far nearer the 
recorded English belief, though M. Lamairesse seoms to have somewhere 
found the astounding statement of 3-26 inches per diem.) 

M, Lamairesse then appends the following table (Table A.) of observa- 
tions made at the Red Hills near Madras by an English Engineer, Ludnow 
(Ladlow?). This table is s useful one, and as I have not met it before, it 
is translated from the French and added. The observations were taken 
with two evaporators, which were most rigorously tested and verified, 
Of the two instruments used, one was placed in a tank and the other in 
the open, at about 1 kilométre from the first. In courparing the results 
obtained by these instruments, it will be observed that the ratio of the 
evaporation in the open to that in the tank was— 


April, ee ee ee oe 13897 to 1} 
May, ve oe ee ee 12744 , +t 
June, ve 7 sé ‘i 1289 6, 2 
July, es a #5 .. 11881 , 1 
August, oe we ar os 11786 (SOT 


Mean, ee 1.2529 to 1 


This proportion it will be observed is a gradually decreasing one; the 
elements that have a recognized influence on evaporation such as, tempe- 
rature of the air, its hygrometric state, the force of wind, the state of the 
sky, did not show a corresponding gradation. Only the water diminish- 
ed progressively in the tank in the ratio given above; and it is clear that 
had the height of the water become nothing, the ratio of the evaporation 
inside and outside the tank would have been equal to unity. 

The true cause of the constant decrease of the ratio is the lowering 
of the level of the tank. 

During the five months there was a total rain-fall of 0°208 métres, 
and as the water of the tank fell during these five months 1-905 metres, 
the total fall in the tank was 2°108 métres. 

The fall in the evaporator placed in the tank during the same period 
was only 1:346 métres. The difference therefore 2™-108 — 1™-346 = 
0:76 métres was employed in irrigation. 

In this particular case it will be seen that only § of the water was 
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used for irrigation the balance having been evaporated and lost; Attached 
(Table B.) is an abstract of the observations recorded at the Pondicherry 
dispensary, the influence of the wind on the evaporation is remarkable, 

for owing to this cause the night evaporation is occasionally as much 

2s that of the day. 

‘Warten-surriy.—The comparatively small streams in the establish- 
ment of Pondicherry, and of the whole coast between Chellumbrum and 
Madras, take their rise in the mountains of Salem, Scheraroy, &. These 
hills run parallel to the East coast, at an average distance of about 150 
kilométres, with occasional outlying detached hills which stand out like 
advanced sentinels. These hills look over plains covered with tanks, 
which is a common feature in the South of India, in places where neither 
hills or deltas exist. 

The floods in all streams derived from these hills have first to fill, concur 
rently with the rain that may fall on the limited gathering grounds of the 
tanks, the tanks in their course. By the time they arrive at the coast, 
therefore, they have parted with all their superabundant flood water, and 
are swelled only with the water supplicd by rain on the country through 
which they pass. It thus happens that the continuance of each of these 
floods is never longer than that of the fall of rain that causes it. There 
is one invariable flood, that of the secondary monsoon, at the end of 
October. This flood causes the streams to overflow their banks for 24 to 
48 hours, after which the rivers fall and continue to fall till November 
or December, when, with very few exceptions, they are dry. Another 
constant but very slight flood takes place in April at the first settine 
in of the monsoon, but it is insignificant as compared with the October 
flood. ‘ 

Tanxs.—-M. Lamniresse, under this heading, enters into a general des- 
cription of irrigation from tanks, which in the French possessions in 
India, seems to be conducted on the same system as in the English pre- 
sidency of Madras ; it is therefore quite unnecessary to notice this part of 
the article. As may be seen from the map, in the territory of Pondicherry, 
there are an immense number of small tanks, formed generally, not on 
any marked drainage linc, but on ordinary sloping ground. These tanks 
are made in the form of a very sprawling V, the point of the V being 
down the line of slope, and the arms inclined up the slope. The rain 
‘water is gathered in these tanks, and not only is the water used directly 
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for irrigation, but owing to the holding up of water in these tanks springs 
are formed, and the water level is raiscd in wells from which irrigation 
is carried on when the rivers are perfectly dry. | 

Innication in Ponpicuerry.—The establishment of Pondicherry is 
situated on two principal drainage lines, the Ponéar river, forming for a 
longth of 14 kilométers its boundary on the South, and the Gingy travers- 
ing the territory almost diagonally from North West to South East.. 

The Ponéar is a torrent of rapid fall, even in the French territory ; 
its width is 400 or 500 métres, its discharge varies from zero in summer 
to 3655 cubic métres in flood. 

Thirty-four kilométres of the Gingy are situated in French terri- 
tory ; it is also a mountain torrent with a width at its point of entry into 
the territory of 350 métres. Its discharge varies from 0°139 cubic métres 
in summer, to 4647 cubic métres when in flood. At adistanco of 7 kilo- 
métres from its embouchure it divides into two branches, the one to the 
left being called the Areancoupom, and the main stream being called the 
Choumamber. 

The Ponéar has no affluents on the left or French bank; two minor 
drainage lines start close to its left bank and fall ono (the Maltar) into 
the sea, and the other, the higher, (the Condouvéar) into the river Gingy. 
In addition to the rain-fall on their basins, these two drainage lines re- 
ceived formerly the tail water of two canals derived from the Ponéar at 
distances respectively of 49 and 42 kilométres from its embouchure. The 
higher of these two canals bad a width of 8 métres at its head, and at the 
- village of Vadanour where it now ends, it has a width of 3 or 4 métres, 

The land between the Ponéar and the Maltar is irrigated by water 
courses from the former, the principal of these aro— 


Distance from 
Vembouchure Name. 
24 kilométres Canal Pacom. 
22°833 _,, »  Couttiamcoupom. , 
21°80 _—s=»,; »  Bangarikal, or canal of the greater Ba- | 
hour tank. 
15133 ,, » lV Ajiguirattonviakal. | 
8:20 s,, », itteryvaikal, or canal of the lesser 
| Bahour tank, | 


The first two canals ouly have dams in the river at their “ prise.” 
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From the Condouvéar are derived. 

On the right bank, the Kijodur canal, with an earthern dam in the river 
at ita head. Above this on the lefé bank the Pallichéry canal, and below 
this with a _ bridge and dam connected the canal Mangalom, 

Above the Condonvéar the Gingy has an affluent on the right bank ; the 
Pambéur, which rises in the hills opposite Teroukouvelour. This river 
has a total length of 71 kilomitres, of which 18 are in French territory. 
Tt has also an affluent called the Vicravandy which joins it just above the 
boundary of French with English territory. 

A canal of the same name derived from it irrigates in both French and 
English ground. 

The principal rivers in French territory it will be observed have all 
the affluents on the right bank, and all canals derived from them irrigate 
on their left banks. 

The principal watcr-courses from the Gingy, the canals Southoukény. 
and Villenour, have dams in the river at their heads at distances from the 
embouchure respectively of 26°33 kilométres and 19 kilométres. 

The Villenour eee was made in 1828-29. It is 5°76 kilométres in 


length; slope of bed _, and its bottom width is 2 métres ; about the 


TAM 
middle of its length it passes under the apron of the Coadepacon weir of 
the large tank of Oussandom by means of a 3 métre arch. The river dam 
is one métre higher than the general level of the bed, and causes no 
appreciable afflux when the river is in flood. This dam is made similarly 
to that of the Soutonkani canal, which will be described farther on. 

The map represents a total area of 53,000 hectares, of which only 28,258 
hectares belong to France; of this number 20,258 hectares are under 
cultivation, while the rest belongs to the public in-general. 

The total number of tanks in this area (53,000) is 218, of which 144 
are French. Tho surface of these 144 tanks is 3,623 hectares, and.1,255 
hectares of these are under irrigation. 

The total irrigable land is 24,413 hectares, the amount of land actually 
irrigated (under rice) is 6,806 hectares. 

From these data the following proportions are obtained :-— 

Surface of tanks as compared with total surface 


8623 


sa058 = 0°128 
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Rice cultivation as compared with total surface cultivated 


6800 
The following list gives the total ierigating power of the estou aunent 


of Pondicherry :— 


Large tanks, .. ee oo ae oe ee 8 
Secondary tanks and attached reservoirs, .. . ce 111 
Permanent springs, .. os eo oe ar 202 
Rivers or hill torrents, ate ee we oe 8 
Principal canals, i oe ee ee oe 9 


Small village tanks, .. ee oe oe 6 881 
Wells, ee ee e¢@ ee ee ae oe 2000 
The grand tank of Oussondon is situated midway between the sea and 
the north point of French territory, The following will give an idea of 
its size. 
Total perimeter, .. es oe we ee 17,800 métres. 
Area, ee ee ee oa ee ee 9,738 hectares, 
Corresponding volume, .. ve oe «+ 12,000,000 cub. métres. 
Amount of irrigation, .. oe ee ee 1,311 hectares, 
In 1888 the canal of Soutonkani was commenced with a view of sup- 
plying this tank; a dam was placed in the Gingy 6-7 kilométres up- 
stream of the prise of the ais canal. 


This canal has a slope of — and is 4 metres broad at bottom, with 


sides slopes of 13 to 1. It is 11-239 kilométres long from the head 
dam to the tank. The dam in the river was originally 1-25 métres above 
the bed, and is 355 métres long. It was made in the following manner :— 

Two rows of palm trees were driven into the bed of the river 50 métres 
apart, by means of a pile engine. The sand for a width of 10 métres and 
a depth of 0:317 métres in front of up-stream row was dug out and re- 
placed by very stiff clay. The space between the two rows of close piling 
was filled with earth sloping 0:025 métres in 1 nidtre, and the whole was 
reveted with turf, and “ végels,” a herb of long and tenacious root, and 
rapid growth, was planted over the surface. It has since become necessary 
to raise this dam and increase the depth of the water in the canal as also 
to raise the embankment of the tank owing to the silting up of the latter. 

The works of partition and discharge of waters are similar to those 
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in use in tanks in the Madras presidency, and need not be further des- 
eribed. It only remains to give some of the data given by M. La- 
mairesse regarding duty of machines for raising water. 

 Paecottah or Latha (Fr. Picote ).—This is the well known lever with 
an earthern vessel suspended from one end and worked hy one, two, or 
three men. The following instances are given of its working powers :— 

Foundations of bridge of Chounambar near Pondicherry.—Picote work- 
ed by 3 men; height raised 3-5 métres; amount of water raised (mean 
of a very large number of experiments) 130 to 135 litres per minute. 

The limit of easy work for two men, one at the lever, and the other 
at the well is said to be a height of 4:27 métres. 

Reconstruction of one of the bastions of Fort St. George, Madras.~—Capa- 
city of vessel (of sheet-iron half spheres) 0:0283 enbic métres. 

Deduction for loss one-sixth of this. 

Rate of work 10 lifts per minute. 

So that a picote lifted per hour 141°5 cubic métres to a height of 0-305 
meétres. 

Working day and night for 73 days at a height of 3-048 meétres 
322,280°4 cubic metres were raised at a cost of 2,965°62 francs, represent- 
ing 78 days work of 52 men, or 73 xX 52 = 3,796 days work of one 
man. 

Déls (Paniers) were also used at the same place, but did not give fair 
return when more than one lift was required. | 

The Mét or Churrus (Cuppelay) and the double churrus (Retta Cuppelay) 
are also alluded to, and they are said to be very useful for lifting water 
to considerable heights, and it is said that when the heights to be raised 
are 12™19, to 18-72 métres the quantity is $ of that raised when the hcight 
‘is only 3°35 métres to 3:66 métres. 

The experiments of one Captain Best show that 2 good oxen raised in 
one hour to a height of 6°10 métres, 90 churrus-fulls, containing each 
117: 434 litres. 

“With the double churrus 4 oxen raised in one hour to a height of 
4572 métres, 180 churrus-fulls, each containing 150 litres. 

With an ordinary pump one man can raise about 2264 litres, 3:048 
métrés'in' one minute. From these data the following table has been 
calculated. 4 
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600 |. o-0294 
800 | 0-0407 | 
240 | 00458 


1820 | 0-0094 


44] 0-05 
90 | 00566 
82 | 0-0495 


180 | 0°0874 
(per min.) 
60 0°22 








14°15 
12°226 
10'872 
12°45 
2'18 
5:09 
1:58 
6°72 


13°58 
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NEW CANAL MODULE. 
{ Vide Plate IV., page 52.] 


Scheme for a Module to Regulate a discharge of 1 cubie foot per 
second. By R. Frovunr, Esq., Assistant Engineer, Oudh Irrigation 
Department. 


Object of the design.—The object of this apparatus is to effect self-acting 
regulation of the delivery of the water from a Rajbuha on to the fields. 
The accompanying design shows the arrangemont of the apparatus to meet 
the following requirements. | 

That the regulation be effected between a maximum level of the rajbuba 
water 6 inches below the top of the bank, and the minimum level 3 feet 
6 inches below tlre top of the bank, that is a difference of 3 feet between 
the highest and lowest water level of the rajbuha. 

That the water be delivered over a gauging notch on the outer side of 
the bank, the crest of the fall over the notch being scarcely lower than the 
lowest water level of the rajbuha. 

That a uniform discharge of one cubic foot per second be maintained 
under all heads within the above-montioned limits. 

General explanation of the design.—The following is the mode of action. 
A float rising and falling with the rajbuha water closes and opens a 
specially designed valve through the medium of a wheel shaft and fusee. 

_ A brickwork well is constructed in the rajbuha bank, through the bottom 
of which the discharge passage passes, an efficient grating covers the supply 
ends, 80 there will be no obstruction in the rajbaha, and floating matter 

will not get foul of the valve. 
| Fig. 1 is a drawing (4. actual size) showing the construction of the valve. 
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Fig. 2 (3, of the full size) shows the float floating on the water in the 
well (in this instance at its highest level) the float chain wheel, shaft 
valve, fusee and valve chain. 

Fig. 3 shows (same scale) the proposed method for securing the valve 
and gear against being tampered with or accidentally injured. 

Fig. 4. shows the well and passage, and the arrangement of the float and 
valve gear. 

Detailed explanation of the various parts.—The valve consists of a sheet 
of leather with wooden stiffeners on each side, those on the pressure side 
being bevilled to admit of the lower end of the valve being turned back 
and raised up. The valve aperture will be uncovered by lifting the so 
turned up lower end, and again closed by lowering it. This will be readily 
understood by referring to Fig. 1. 

Slight variations from the above-mentioned method of construction may 
be made. 

I have constructed a small working model of the apparatus, the size 
being 2 of the module shown in the design. In the valve the back and 
front stiffeners were not separate, but in one piece, and two strings pass- 
ing through the successive pieces kept them all together, the sheet of 
leather being altogether dispensed with. Although the joints were not 
perfectly water-tight, the regulation was properly carricd out, and the slight 
escape of water through the joints did not cause any accumulation of the 
matter mixed up with the water. This was seen markedly, when on one 
occasion the water was full of suspended matter, an old beer cask being 
used to hold the supply water and all the refuse of hops purposely left in 
the cask and allowed to mix up with the water supply. 

I consider that leather, however, would last longer than cord, although 
not quite so easily replaced. I expect also that India-rubber ys-inch thick 
would be still more durable and efficient, and cost very little more. If 
preferable a cheap and simple system of brass hinge work could be made, 
and would last longer than the wood itself; the wear and tear would be 
very slight, the angular motion of each piece being slow, and through a 
small angle. My experience of the working of the model makes me feel 
confident that no difficulty in the practical working of the valve on account 
of the number of joints can be apprehended. 

The special merits of a valve of this description.—A valve of this des- 
cription is opened and closed without friction, while at the same time 


wn 
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there is no long ‘narrow leaking space between the valve and the valve 
face liable to choke and perhaps fix the valve altogether. 

The force required to open the valve is small compared with the area of 
the valve aperture. It is proportional to the diameter of the semicircle 
formed by.the valve in the process of opening and not to the whole area 
of the valve aperture. 

When the valve is nearly closed under the maximum head, the bulk of 
the pressure on the valve is sustained immediatcly by the face of the 
brickwork, so there are no great strains on the working parts, which can, 
therefore, be made small and slight. 

This would enable a valve of this description to be applied to regulate 
much greater discharges. 

The motion of the valve corresponding to alterations of head, when the 
head is great, is very small; the motion of the float is therefore great com- 
pared with the motion of the valve, and the leverage by which it moves 
the valve is great, so a comparatively small float will balance the pressure. 

Reducing thus the size of the float, the space enclosed by the brickwork 
can be reduced, considerably economizing the amount of brickwork. 

The fusee.— The form of the fusee, as shown in the plan, is deduced from 
the practical working of the small model before-mentioned. The exact 
form will have to be found by trial, and all other fusees for the same cir- 
cumstances will be identical. 

I performed this adjustment in the model with no difficulty, and on a 
larger scale it would be effected much more easily. 

The lock-up arrangement.—The lock-up arrangement will be more easily 
understood from the drawing than from any description. I consider it 
will effectually close the valve gear against the cultivator, or against acci- 
dental injuries. 

Grating.—I have provided a grating to prevent anything large enough 
to choke the water-way getting into the supply passage. It resembles a 
venetian blind with laggings vertical instead of horizontal. It will be 
kept from choking by the wash of the stream of the rajbuha past the 
outer face. 

Fig. 5 shows the method of closing the supply end of the passage. 

It consists of a sliding shutter with strips of leather round the edges of 
the face, the taper piece on the back of the shutter will by its wedge-like 
action press it firmly against the face of the brickwork. 
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. Jf desirable I could arrange that the closing of the supply should come 
under the lock and key of the valve-well. The valve could be removed 
and a water-tight shutter placed over the valve aperture. No doubt a 
certain amount of silt would be deposited at the supply end of the pass- 
age, but it would be washed clean away whenever the passage i8 again 
- opened, 

Model made and tried.—I will say a few words about the model to which 
I have alluded above. It was 4 of the size of the module shown in the 
design, A pump maintained a supply of water to a cask, the module and 
well were placed at the side of the cask. The supply entering at the side 
of the cask caused the water to revolve and represented the flow of the 
rajbuha water. The grating fully served its purpose of keeping bits of 
grass, shavings and scraps of paper from entering tho well. 

The cask represented the rajbuba, the depth of water in the cask could 
be varied at pleasure. The module discharged into a shoot 3 feet 6 inches 
long, at the end of which was a gauging notch, under different heads of 
water in the cask, the discharge shown on the notch remained as uniform 
as if a man had been watching the notch and working the valve. 

The gauging notch and consequent abrupt loss of level of water deliver- 
ed are not necessary to the accurate working of the module. The irriga- 
ting channel could commence at the point where on the design the gaug- 
ing notch is shown with its bed flush with the bottom of the notch. The 
notch, as shown, is only a means of testing the accuracy with which the 
module may be made to work. 

It is evident that the valvo and gear arc of the most simple construction 
possible such as can be made by any village carpenter. The wrought-iron 
work requires no fitting. 

Regulating large discharge.—I wish to put forward the following ques- 
tion. Could it be arranged that several kolabas of ordinary construction 
and without their own regulating apparatus attached should be subservient 
to, and consequently derive their regulation from one regulation of large 
capacity? Under the impression that regulation at the rajbuha head was 
the great desideratum, I had given the subject a good deal of attention pre-— 
vious to the consideration of the regulation of small discharges. 

It was with a view to the former that I first thought of this description | 
of valve or sluice about 14 years ago, since when [ have devoted much 
spare time to the subject, and I consider that there will be no mechanical - 
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difficulty in constructing a regulator of this kind, and regulate a discharge 
Of any magnitude. - 

Estimated cost.—The cost of the modnle as shown on the plan will 
be Rs. 38, of which sum the cost of the brickwork and concrete forms 
the greater part, namely Rs. 27. This amount, however, would be 
much reduced if the difference of the lowest and highest water level of 
the rajbuha were diminished. 


R. H. F. 
20th September, 1870. 
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No. VIII. 


DEFLECTION OF TIMBER, AND “FACTOR OF SAFETY.” 


By A. Vatentine, Esq., Assist. Engineer, D. P. Works, Oudh, and 
ALCL. 


As some confusion seems to exist amongst Engineers as to the use of 
the Deflection Formula in calculating the dimensigns of timbers, the pre- 
sent writer begs to offer a few remarks in order to assist in forming a 
right conception of it. 

On comparing this formula with that for finding the breaking weight, 
the first source of perplexity is that the results.do not correspond. That 
is, whilst with the breaking formula, we employ a constant factor of 
safety, usually 10, with the elastic formula, we find the factor of safety 
(so-called) constantly increasing as the beams increase in span: we say 
so-called” factor of safety, because it is obviously illogical to suppose — 
that a long beam equally with a short one cannot carry safely the. same 
fraction of its own breaking weight. That is to say, if a long and a short 
beam will first break with 4 tons and one ton respectively, they will obvi- 
ously carry 5 of these loads respectively with exactly the same safety. 

In other words, the factor of safety is not a Mathematical quantity, or 
one in any way involved in the equation, but is simply a multiplier ‘eug- 
gested by prudential considerations, and is the same for all scantlings 
whose breaking dimensions have been ascertained. 

To return to the deflection formula. . The reasons of the discrepancy 
are very simple when ascertained, and give a complete and satisfactory 
reconcilement of the two formule. At the same time, they do not readily 
suggest themselves. Even Mr, Keay, in his carefully explained analysis 
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and equating of the two formuls has overlooked both these causes (for 
there are two), and his deductions in consequence are erroneous. Aftet 
obtaining, as his factor of safety, about 6 times the fourth toot of the 
length (which we shall see presently has no existence in fact) he owns to 
the dis-satisfaction he feels at his own conclusions, by adding (page 23),* 
“The above conclusions appear reasonable enough as regards r, but 
scarcely so for s and w. The fact, however, is there, be the reason what 
it may.” 

The firat reason, then, lics-in the absurdity of attempting to compare 
unlike things together. The elastic formula is true of al/ elastic sub- 
stances, and of ali substances within the limits of their elasticity, but 
does not offer the remotest clue, as to how far that elasticity extends, 
much less, as to the absolute strength of any material to resist fracture. 
This brings us to the second reason why the factor 6 4/7 is erroneous. 
‘Seeing there is no connection between the two formule, how does it 
happen that this is the numerical result of equating them? The answer 
is simple; instead of using the formula in its unadulterated state, as given 


in Barlow, ‘¢. ¢, 6d = § orp we find the variable and elastic 5 re- 


placed by an unyielding amount called a inches. 
Admitting for a moment that there are Sasa reasons for substituting 


- for 6, the fact still remains that the formula is no longer a general 


expression. We will refer to this — Gp Presently, in the mean time we 


will for a few moments see what 6 ee is, and, having restored it, in 
the elasticity formula, again go through Mr. Keay’s equating, when the 
result will be found to be highly satisfactory. 

If a beam be uniformly strained per unit of its own length, it. will obvi- 
ously assume a circular curve, let 
3 be its vertical deflection. Now 
if the length (only) of the beam 
be doubled, then by law of circular arcs, § will become 4 times as great, 
that is, the scantling being the same, the deflection is as 2°. 

Bat 3 varies ‘inversely as depth of the beam. 

Now this depth, as shown by breaking formula, increases in ratio of 
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wi iW. But Ww involves 1, for W = lw. where w is unit of weight per 
foot, 80 that the beam’s depth i increases ag A/1.0 OT AT. 


‘Bo that the deflection is really >= T= = /ji= 


We will now equate the two formule only writing 2 in place of “ 


Blia.w dba. bis. w 
Sd en @ lini caipaasis aca nneieitah ainilicid gk: oommunemmiall 
ria § X ape = sess = xe 


b= _ fawo 
a Tx 38 aber 
ecw _ (mPa, re\ 
tise. 4 ‘= (SR 


(eee Khe.w y= (s" w 
16 x 82 Ndr" a) 


"a _ Pe wt 
F006 x 82 x Xx 6p 
ne EL OE 2 
(32 E)? x o x r ~~ 890625 p* 
. no ~~ fy, "390625 p* 90625 _ 890625 pt | 7 
(32 E)* ros. , 


and all being constant but / and 6. 


“Varies a8 yh a . But it is above shown that & is as 7‘. Therefore n 


. - extra, 
varies as f= = VT =1. 
' The factor of safety thus turns out to be unity ? 


The following Table is constructed showing at how rapid a ratio the 
deflection may safely increase, as compared with the increase of span 
avid the practical deduction from it is this, that-in constructions -where 
‘the deflection (within the safe limits) is not objectionable, the deflaction 
may be rapidly increased with increased length of beams, without. in-eny 
‘way decreasing the. factor of safety, and that in many cases.a, waste of 
Aimber. must ecour, in order-to secure a limited deflection increasing uly 
as the span. 


‘a - 


weeerun r= © -- 


we A 
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Argument; 6 = 8) 7% « 





Span, and deflection Bpan, and deflection 
wecording to rule of 8} Deflection acco twjacoording to rule ot 8 2 emeation aooording 
see Theory and ee Fi is Fo tncting to Theory and Barlo®: 

40 
vl - 1°0000 12 27°474 
2 2°5199 - 4 08°568 
3 43269 14 $3°742 
4 6°3497 15 86°994 
5 . 8°5507 | 16 40318 
6 10°902 17 43 712 
7 13°820 18 47°175 
8 16000 19 ' $0°700 
9 18 721 20 54°289 
10 21-546 21 567°989 
11 24465 22 61°662 
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With regard to the difficulty before referred to in Mr. Keay’s Treatise 
about 1. s. and w., it will now be seen that if we increase r (the proportion 
of breadth to depth) whilst we still calculate for a beam of the same 


. strength, its depth being increased, it is less capable of deflection, and 


3 therofure becomes smaller, and restores the balance of the equation. 
Again, if we increase s. or w. (the distance apart, or the weight per foot) 
we must provide deeper beams, and therefore less capable of deflection ; ¢ 
again is diminished, and thns compensates for the increase of a. or «., 
and the balance of the equation is still preserved. 

No one can read the portion of the Treatise above referred to, without 
perceiying that the writer, though clearly and correctly defining what he 
means by the most inappropriate expression “factor of safety,” (a term 
which cannot exist in a deflection formula,) is nevertheless continually 
confusing himself by thinking of the words in their literal meaning. The 
corrected equating of the formula strikes out this so called factor altogether, 
or leaves it only as unity. But if, for Saeteret reasons, the inelastic value 


of deflection is still to be retained as 7; inches, then the resulting “factor” 


might be called “ the factor for eaoriding for a finite deflection,” and its 


warying value in each case would represent the relative safety of the beams. 
So thet longer beams are made stronger in proportion than shorter von 


ey to provide against. a deflection exceeding 7 . 


* Bo'show how incoastant, in various woods, is the ratio between rer, 


‘gate weight and breaking weight, the following table is condensed from 


. The factor of eafety is constant in all thes. 
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or Ratio of safe ta ead Ratio of safe to 
“a , breaking = 
Teak a ee on wee Beech ee ee ee Ji ‘ 

9 ® a b é 
Poon, ee a6 ee B60 Elm, ee ee oe SL 
English oak, a oe ao Pitch pine, se im ze 
Dantzic ditto, .. a Red ditto, ger} dae = 
Adriatic, ae ee ee 45 New England fir, ee os 





So that whilst Poon will only bear about } of its weight without injury, Dantsie 
oak is not injured by a load of 4 to 4 ita breaking weight. 


The above remarks may be briefly abstracted as follows :— 

The olasticity formula only shows the amount of deflection under 
given conditions of weight and scantling within certain fixed limits, and 
gives no clue as ta how near those limits approach the breaking weight, 
or to find, conversely, necessary conditions of weight and scantling, so 
as to produce a given deflection. 

In constructions mer the amount of deflection is of no consequence the 
deflection formula of — 7p should not be used, as it is wastefully strong. 

In such cases, find ‘the necessary scantling by breaking formula, and 
then if desired, the amount of deflection can be ascertained by elasticity 
formula, to determine whether the amount of deflection is likely to be 
injurious in any way. 

A word about the amount, namely 3, inch per foot, F do not find 
how it originated. Keay merely says, without any reason being assigned, 
that the deflection may be assumed at 4’, inch per foot of half span. 
He quotes Boileau’s Tables of many year’s previous date, buat this writer, 
too, gives neither reason nor guthority for the amount. I have some- 
times wondered if they have mistaken Barlow's meaning when he says 
(p. 178 of 1851): ‘ The deflection of 3, inch for each foot.in length 
is not injurious to ceilings, indeed the usual allowance for settlement: is 
about twice that quantity, ceilings have been found to settle about 4 times - 
that quantity without causing cracks, and have been raised again without 
injury.” 
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This evidently refers to the ceilings, not to the timber, and they are 
here stated to settle usually “ about double that quantity,” f.¢., of Jy 
In another place, on the subject of ceilings, he says, that the great elasti- 
city of timber prevents tt practically from being of such small scantlings 
only as are requisite for strength. 

That a fixed amount per linear foot should be assigned as the safe do- 
flection of a given piece of timber, no matter what load it may bear, ¢. e., 
what its depth may be, is simply inconsistent, that is, as regards its 
safety at least, for, as has been before stated, and as is almost self evi- 
dent, the capacity of the same material for deflection is inversely as the 


depth. 
r A.V 


Remarks upon the Duriection of Timper and the “Factor oF 
Sarery” as applied to the formula for breaking weight for beams 
sulject to transverse strain, with reference to some observations on 
the same subject by A. Vauenting, Esq., A.IC.E. By P. Keay, 
Head Master, 2nd Department, Thomason College. 


The two formula in general uso for calculating the scantlings of beams 
subject to cross strains, are so well known that I need mercly note them 
down, and proceed with any remarks the subject may appear to require. 

Formula for deflection, E = %xX oa éesudecdiars sscessccecccves (i), 


Ditto for breaking weight, P == ae weccccncncnccccccsncscsccossccees (ii}s 


In both of these formule, the weight (W) is supposed to be uniformly 
distributed ; the length (L) in feet, and 5, d and 36, (the breadth, depth 
and deflection, of the beam,) in inches. 

In calculating the scantling of a beam by the first of these formula, 
no factor of safety is required, because a certain value, such as experience 
warrants as being suitable, is given to (8), and by this means a beam is 
determined which will support the load { W) without deflecting more than 
the :limit-fixed for (8). The value usually given to (3) is 755 of the beam’s 
length sor stating it in another way—The beam may be deflected, 
witheutinjary to the general structure of which it forms a part, to the 
extentof 5. :of'an inch for each running foot of the beam’s length, count- 
ing from the point of support to the lowest deflected point of the beam. 
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, Bow; in the case of a beam supported at both ends and loaded eee 


tnifoity or at the centre, the above rate of deflection amounts to io 1 of 


an ‘inch for each running foot of the beam’s total length between the points 
of support. So that if the length of the on tn Seti, be L, the deftec- 


tion at the centre, in inches, will be LL X = 53 or.6 = Fr 1 inches. 


There is no other reason for giving the above value to (3), so far as I 
know, except the simple fact that experience has shown in the case of 
numerous trials, and of structures that have successfully stood the test of 
Time, that Roof timbers may be deflected to this extent without injury to 
their coverings. 

With reference to the objection raised by Mr. Valentine, that by assign- 
ing a fixed value to (8) as above, or rather a fixed proportion of the 
beam’s Jength as the value of (6), the formula ceases to be general; I 
cannot see that there are any good grounds for such an objection; as all 
formule of this kind must have particular values assigned to some of the 
symbols, if we are to apply the formule to the solution of any practical 
problems. 

Of course, the formule will not then be “general,” bat they will be 
general so far as our purpose requires them to be so, and no farther, 
If we are not to give particular values to such of the symbols as our 
purpose may require, of what practical use are the formuls ? 

I may have mistaken Mr, Valentine’s meaning, but such appears to bo 
its purport, so far as I can judge. 

If the scantling of a beam be determined by the second of the above 
formule, the beam will just break with the weight (W). To make use 
of this formula then, for practical purposes, it becomes necessary to use 
some factor of safety, such as experience has shown to be suitable. 

This term, “ factor of safety,” is used by people in two different ways, 
but the meaning is really the same. 

One person will say, for instance, that the factor of eer is one-tenth, 
while another will say it is ten; both meaning in reality the same thing. 
The first would explain his meaning by saying that the beam is to be loaded 
with one-tenth of its breaking weight, whereas the other would say that 
the beam is to be made strong enough to require ten times its depen 
load to break it.. a 

These are only two different ways, of course, of wine the same: eons 
ditions, as to the strength of the beam compared with its permanent load. | 


DEVERCTION. OF TIMBER, AND “-PacToR OF SAFETY,” 68 


Regarding the-value of the factor of safety, as determined in the College 
Manual on the Scantlings of Beams, (pages 20 to 25,) it is necessary to . 
notice clearly what the investigations are intended to determine. It will 
be seen that the whole object of them is mefely to ascertain what the factor 
of safety must be so that the formula for breaking weight may give s 
beam of the same scantling as that obtained by the formula for deflection, 
when the value of (3), in the latter, is fixed at — a inches, as explained ‘be- 
fore. Under these conditions it will bo seen that the factor of safety 
varies as the fourth root of L. Again, for a certain rate of loading on 
the beam, that is at the rate of 400 tbs. per running foot of the beam’s 
length, and when the ratio of the breadth of the beam to its depth is that 
of 1: 4/3, it is shown, beyond a doubt, I think, that the factor of safety is 
about 6 A/L 

The shortest and simplest way to settle any doubt there may be as to 
the correctness of the conclusion arrived at in this value for the factor of 
safety, is simply to use it in the formula for the Breaking weight, and see 
whether the scantling of beam, so determined, be the same, or nearly the 
same, as that determined by the formula for deflection. 

Take the case of a sal beam, 20 feet between the points of support, and 
loaded with 8,878 ibs. uniformly distributed. By the breaking weight 
‘formula, and using 5-962 4/L as the factor of safety, as found for sél 
(page 22 of Manual) we find :-— 


b= ve PERIL LEE ='/ LL 5¢ 8878 x 5-962 
4. p. ax 769 


= °/ 20% y 8878 x 5962 _ 
om ——-Tri °™ 8°99) inches. 


and d = 3 f/f = 12°72 inches. 
= a formula for Deflection we find— 


pa /UXWXEG x W xe = /20 x 8878 x eve 
aes z= 8-918 inches. 
we gaged db af B== 12°612 mches. 
’ Phe slight difference observable in these two results is due to the fact 
that the factor of safety,.as used in the first equation, was deduced front 
the-cave of the benni being loaded at the rate of 400 lbs. per running foot of 
the beam’s length ; whereas in this case, the rate of loading exceeds that 
_ by 878-bs ; being an allowance made for the weight of the beam itself. 
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_ 14 may bo more satisfactory if we compare the results obtained by the 
two formule in more general way. 

Suppose L = the length in feet as before; d = b vi, W = 400 x L 
D ibs.; and the timber sdl, whose constants for Breaking weight and 
Deflection are 769 and 4968 respectively; and let 5-962 W/L be the 
factor of safety. 

The value of b by the formula for Breaking weight will be— 


L.W. naw 5062 L.W. 5962 a/L _ [ex 101 x 6909 ot 6-962 LA 
b=. —"—= = tx 760 


t 4 
i L »x 596-2 = 9187 x L 
769 


Again, by the formula for Deflection— 


a8 = 35 4/3 

-_ /{/l?xWx aif 400 L 

, / ‘ * Fx 4968 
i 





isl 





Lon ye ONE _ 9187 x L 
= x 4968 x 


being identically the same as the other value. 

These examples show clearly cnough that the problem proposed in the 
* Manual on Scantlings,” (pages 20 to 25,) has been correctly solved. 

I think Mr. Valentine is in error as regards his remarks commencing— 
“Tf a beam be uniformly strained per unit of its own length, it will 
obviously assume a circular curve, &c.” 

Suppose the beam to assume the form of a circular curve under these 
circumstances, (I do not know that it does so, although it seems reason- 
able to suppose it will assume the form of a curve of some kind,) and the 
length (only) of the beam to be doubled; it appears to me that (8) will 
not become four times as great as before, as Mr. Valentine states, but it 
will become eight times as great; and if the length be trebled, 3 will be- 
come 27 times as great as before, and so on. 

This is evident, I think, from the general formula— 

LW 
B= 8x say 

For all values of L, W, 4, d, and 6 in this expression, so long as the 

material is the same, and the deflection is not carried so far as to injure 
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the elasticity of. the material, we derive the same constant quantity E. 
Now, this being the case, it is clear that if we double L, and all the other 
quantities, except 5, remain as they are, we shall have (2 L)*, or 8 L’, 
in the numerator, and as E is constant, 5 will be changed to (88). In 
fact the curve, if circular, will evidently be that of a circle different from 
what it was before. 

This could be very easily tested by an experiment upon any eaactin 
slip of wood of a few feet in length, and an inch or two in scantling.* 

Some of the latter portions of Mr. Valentine’s reasonings I have not 
succeeded in following very clearly, so I cannot form much of an opinion 
on them, but I have stated my own views of the matter so far as I under- 
stand it. I know of no foundation, except that of experience, for any 
limit to the deflection or any value to the factor of safety. What I 
attempted in the “ Manual on Scantlings,” was merely to assimilate the 
latter to the former, and this I believe I have done. Of course, for 
a different rate of loading the factor of safety would differ somewhat 
from what I have found it, but in all cases it will be in the form of 
m 4/1, m being some numerical factor whose value will depend upon 
the rate of loading of the beam, per running foot of its length, and also 
upon the ratio of 6: d. 

In the case of a beam supporting 400 ibs. per running foot of its length 
the factor of safety, as has been shown, is about 6*a/T. 

In all structures the practical question to be considered is the deflec- 
tion, rather than the chances of breaking, and this being tho case, the 
principle of making the factor correspond to some known safe rate of 
deflection, appears to be a sound one. We know then exactly what we 
are doing. In the case of trusses for instance, it is very essential that 
the rafters should not be deflected beyond a certain moderate limit, other- 
wise the consequent increased thrust on the foot of the rafter, and hence 
also, an increased tension on the tic-beam, may seriously indanger the 
safety of the whole roof. 


P. K. 


« Since this waa written I got Mr. Camphell to teat thia point in the Roorkee Workshops, and 
the results clearly corroborated what is inferred above, from the formule. 
‘dir, Valentine's theory about the beam assuming the form of a circular curve ts therefore not borne out 
by Barlow's formida ; and hence also, ali the reasonings and conclusions based upon thts theory require 
the support of reasons not deduceable Jrom the formula which is under disenssion. 
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¢ 


[Norz sy Eprror. ] 


' The nse of the term factor of safety in reference to the deflection 
formula is ccrtainly liable to cause confusion; and I agree with Mr. 
Valentine in considering that it should be replaced by some other term, 
such as ‘ practical co-efficient.” 

Barlow’s formula does not troat (directly at least) of breaking weight, 
and of this of course Mr. Keay (when comparing the different formule) 
was aware: as he shows (on p. 14, of the manual) that E represents the 
weight which would cause a deflection of 1 inch at the centre of a piece of 
wood, one inch square, and spanning one foot. 

By substituting, for the variable “3” of Barlow’s general formula, the 


term < inches, we specialize the formula to denote the conditions of a 


water-tight roof; assuming that no roof covering can be secure from dis- 


placement, and consequently cracks, if the deflection exceed qgth of an 
inch for every foot of span. 

However interesting it may be to try to equate the results given by. 
using the different formule, I do not consider it of much practical value. 

In practice I (as probably most Engineors) have always adopted the 
plan of ascertaining the proper scantlings of roof timber by formule ex- 
hibiting their breaking weights: and the results I have checked by ap- 
plying tho (specialized) deflection formula, in order to ascertain if the 
requisite stiffness had been cnsured. 

It is thus, separately, that the formuls for strength and stiffness should 
be used. The formula has, I belicve, yet to be found, from which can be 
deduced, in one simple operation, scantlings which will satisfy the condi- 
tions of possessing the requisite strength to resist fracture, and the stiff- 
ness to avoid a specified amount of deflection, ensuring at the same time 
economy of material. 


A. M. L. 
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No. IX. 


BURNING BRICKS WITH OOPLA. 
[See Plate V., page. 68.] 


'y (the late) Mason J. T. Tovey, Executive Engineer, P. W. Depart- 
ment Cawnpore.—8\18t August, 1870. 


In consequence of the necessity of manufacturing bricks in Bundel- 
khund, where firewood is procurable with difficulty, the writer made experi- 
ments to determine the possibility of firing bricks in flame-kilns with the 
dried cowdung used as fucl by Natives. 

There were several scrious objections to the use of cowduug :— 

(1) It clinkers, and chokes the fires. 

(2) Tho quantity of ash is s0 great as to stop the draught, and 
to extinguish the furnaces, 

(8) The length of flame is small. 

(4) The lightness of the material and its bulk makc it difficult to 
feed the furnaces. 

The first three difficultics were successfully overcome by using transverse 
fire-bars, on which the clinkers could be broken with pokers, and by making 
a door to the ashpit through which the ashes could be raked out. The 
shortness of the flame was met by reducing the height of the kiln to 8 
feet above the sill of the furnace-door. Unfortunately, the flame-kilns 
could not be reduced in their width of 18 feet, but it has been determined 
that a width of 14 feet will answer well. The extra width of 4 feet made 
little practical difference in the cost, although there is a great difference in 
the proportional out-turn of underburnt bricks. 

Attached is a comparison of the respective out-turns and cost of kiln 
of wood-burnt bricks and of a kiln of cowdung-burnt bricks. In such a 
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eomparison, the test of brick manufacture is the out-turn of bricks of the 
first class fit for bridge-work :-— 

The out-turn from the flame-kiln was 172,250, out of 211,100 loaded, 
at acost of Rs. 10 per 1,000 of first class only, including all charges incurred 
on account of peela bricks, &c.; being a percentage of 814 of first class. 

The out-turn from the cowdung-kiln was 24,900, out of 38,050 loaded, 
at a cost of Rs. 9-8-0 per 1,000 of first class only, including all charges 
sneurred on account of pecla bricks, &c.; being a percentage of 654 of 
first class. 

However, owing to the width of the kiln being 18 instead of 14 feet, about 
8,000 more bricks were loaded than could be properly fired. If allowance 
is made for these, the percentage will be raised to 82 per cent. of first 
class; and the undersigned believes this percentage of out-turn will be at- 
tained in kilns built for the purpose, at a less cost than wood-burnt bricks. 

Annexed are detailed drawings of a kiln adapted for firing with cowdung, 
and a memorandum of the method of loading and firing, that perhaps may 
be useful to others. <2 

The undersigned believes less skill will be needed for firing with oow- 
dung than with wood. 5 


Memorandum on the method of Loading and Firing Bricks in Ktins with 
Cowdung. 


[, Loading.—The most important thing to attend to is the packing of 
the bricks in the kiln. If the closeness of the bricks checks the draught 
through the furnaces, the fires will not burn, and the bricks will turn out 
badly. Also, if the bricks are packed in such a way that, in sinking from 
the construction of firing, they jam together and check the draught, the 
same effect will be produced. This effect will be produced by packing the 
bricks all across or all along the kiln. 

A detailed drawing of a method of packing that has proved successful 
accompanies. iencath the fire-bars, the bricks may be set touching each 
other. Above the fire-bars to the 18th course they may be set half an 
inch apart. The 14th or chain-course is intended to prevent the bricks 
from getting jammed, and supplies spaces for the fires to rise through 
The courses above this are alternately sct along and across the kiln the 
‘ends of the bricks touching, but with a clear open space of not less than 
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half an inch between their sides. It is better to set them three-quarters 
of an inch apart; indeed, an inch would be better than half an inch, as 
every thing depends upon the fire rising and circulating freely. 

The top course is laid touching, and a little higher than the sides of 
the kiln. As the fire proceeds, the bricks sink a little and incline in- 
wards, leaving a space between the sides of the kiln and the load, as shown 
by the dotted lines in the drawing. Towards the close of the firing, this 
space will be filled with fuel: until then it must be kept carefully covered 
over at the top by the brick-on-edge. 

‘II, Firing.~When the loading has been completed, the pieces of bricks 
broken in the loading cleared out of the furnaces, and the kiln-doors at 
the ‘ends built up, the iron-doors are fitted to the furnaces and ashpite. 
“The furnaces are then lighted up, and the firing is proceeded with in the 
usnal way; gently at first to drive off the moisture contained in the 
bricks; after which the fires are increased until the flame appears on the 
top of the kiln. The top of the kiln is then covered completely over 
with broken cowdung about six to nine inches in depth, and as this ignites, 
it is covered over with earth to keep the heat below. The cowdung should 
not be laid on the top until the fire has appeared over the whole of the 
top. The fire will rise most quickly above the furnaces where the cow- 
dung will ignite as it is laid on. As soon as the cowdung is well lit, it 
must be earthed over to drive the fire to the cowdung covering between 
the furnaces, which is also gradually covered over until the whole top is 
earthed in. The top is then watched, and round holes 9” diameter are made 
in the places where the fire is slack, so as to draw the fire to them, and to 
equalize it over the whole surface. 

On the last day of firing, the cowdung on the kiln-top is renewed after 
the ashes have been swept off. The vacant space round the insido of the 
kiln-wall is also filled with broken cowdung. The earth covering is added 
the same as before. 

The ash from cowdung is so dense, that the draught would be checked 
by it were the vacant space round the inside of the kiln-walls filled ear- 
lier; also, if the top course is set so loosely as to allow the ash to fall 
through from the top into the body of the kiln. 

As soon as the kiln is once lit up, the furnace-doors should be shut and 
luted with wet clay, and the peep-hole plugged. The ashpit door should 
be put on, but tilted just enough to give sufficient air to keep the furnaces 
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bright. Too much air will cool the furnaces; there should be as little air 
as will do, 

It must be remembered that cowdung, although bulky, is not dense, 
and if a furnace is filled quite full, it will burn out in twenty minutes. 
The furnaces must be filled four times an hour, and, however quickly the 
furnaces are refilled, enough cold will be admitted to prevent the bricks 
from being overburnt. There is no dangor of overfiring cowdung, and 
the furnaccs must be kept as full and as bright as possible to produce a 
good out-turn. 

The firing should be kept up for about five days and five nights, though 
it cannot be said that this will be the exact time required for firing. 
Damp or stormy weather will delay the firing, and perhaps require another 
day, whilst it is equally possible a day less may be sufficient. Time is no 
test whatever. The only test is whether the top course of the kiln is 
burnt to a sound red. To ascertain this, carefully abstract a brick from 
one of the most favored places of the top course (replace it with another 
at once) and as soon as cool] you will sce the quality by breaking if it is 
stained with ash. This should be done at the end of tho fourth day, and 
at intervals of six hours. As soon as the bricks are of the proper color 
just over the furnaces damp that place with earth, and lcad the fire to the 
underburnt spots. When the whole is of the proper color on the top, 
damp the whole top complete, and close after firing moderately for six 
hours; filling the furnaces as full of cowdung as they will hold before 
bricking up. 

The points to be attended to are:— 

(1) To pack the bricks in the kiln at not less than three-fourths . 
of an inch apart; everything depends on a draught through 
these interstices. An inch would be better than three- 
fourths of an inch. 

(2) To keep the fires as strong as possible. It is believed cow- 
dung will not melt the bricks, as the doors must be open- 
ed three or four times an hour, by which the heat is much 
reduced. The ashpits must also be kept clear. 

(3) To continue the firing until the bricks on the top of the kiln 
are thoroughly burned. Thisis the only test of successful 
firing. The quantity of fuel used and the time are no tests 
at all of whether the contents of the kiln are burnt enough. 
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No. X. 
MANUFACTURE OF HYDRAULIC CEMENT. 


Used in the Second Barrier Works of the Upper Godavery Cirele, 
Central Provinces. Br J. W. Gtass, Esq., Assistant Engineer, 
P. W. Department. 


Tue Lime Stone is of a bluish color, has a coarse grain, and is inter- 
spersed with veins of carbonate of lime. It contains hydraulic properties 
in a slight degree, but mortar prepared from it without the admixture of 
elay cannot be used in masonry exposed to the action of water. The 
quarry from which the stone is obtained is close to the kilns, and the cost 
of the stone, delivered at the kilns and broken into picces to pass through 
a 24” ring, is Rs. 4-8 per 100 cubic fect. The kilns used for burning the 
stone are circular in plan and oval in vertical section, and the fucl used 
is wood, in the proportion of two of wood to one of stone. The kilns 
are generally drawn about 36 hours after being set fire to. The stone is 
cleared as much as possible from the ashes of the wood expended in burn- 
ing it, and it is there slaked and sifted through a screen made with 3" 
wire one-eighth of an inch apart, and placed at an angle of 45°. 100 
cubic feet of stone produce 150 cubic fect of lime nearly, and the cost of 
production is Rs. 3 per 100 cubic feet. 

The Clay with which the lime is mixed is of a dark blue color, and is 
found overlaying the lime stone at about from two to four feet below the 
sarface. There is, however, no apparent difference between surface soil 
and that which we use, and I think it would be found to be equally as 
good a mixture as the other. The surface shows extensive fissures in the 
hot weather, which contract somewhat in the rains, and the soil has the 
appearance of what is generally known as “cotton soil.” 
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Lime and clay are mixed in the proportion of five parts of the former 
to four parts of the latter, (the clay is freed from all lumps before being 
used,) and put into a mortar mill, worked by steam; water is added and | 
it is ground till it is of the consistency of a thick paste, when it is ready . 
for being made into cakes. The mortar, mill holds 15 cubic feet ; the: 
time occupied i in. grinding varies from 12 to 16 minutes ; ;end the, Joss ie : 
about, one-fourth of the quantity put, in, ace 

This “raw cement” is then removed in wheel-barrows to the | “ drying ‘ 
ground,” » a space cleared from grass and bushes, where it is made into 
cakes of 6 inches diameter and one inch thick, and is left exposed till 
thoroughly dried. In the hot weather, the drying occupies about 24 suc- 
-eessive hours. When thoroughly dry, they are ready for burning. The 
kilns used for this purpose are circular in form, 20 feet in diameter and 
about 9 feet high. Tho cakes aré packed on edge in courses, and to four 
such courses, onc course of wood about 6” thick is allowed. The wood is 
in lengths of 23 feet and should not be too dry, and split a is better 
than branches. 

The time ovcupied in burning is about 12 hours and the same time is 
allowed for cooling. The process is then complete. The cement costs 
Rs. 14-5 per 100 cubic fect, including all labor and material, likewise 
native superintendence. The hire of a coolie is four annas per day, and of 
& woman two annas. 

In making and burning the cakes the greatest care is necessary. If 
they be made thicker than one inch, a larger quantity of wood will be 
required and a greater quantity of ashes will get mixed with the cement, 
and as a considerable number of the cakes get pulverized in the loading 
kilns and burning, it is impossible to soparate the ashes, and the mortar 
produced will consequently be inferior, If an excess of fuel be used, the 
cement will be over burned, and vice versd. To distinguish properly burned 
cakes from over and under burned ones, break a cake. and if the surfaces 
present a pale red color it is good, but if a dark gray or dirty yellow, itis 
under burned in the one case and over burned in the other. The under 
burned cakes may be xecalcined, but they should be placed farthest from 
the heart of the kiln. They are never knowingly used for mortar, and if 
any should happen to get mixed with good cakes, the appearance of the 
mortar is sufficient to betray the mixturo, Cement of which 10 to 15 
per cent. is over burned and the rest good produces a very fair mortar, but 


. 
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we have now seldom occasion to use that mixture, as the process of burn- 
ing is so thoroughly understood that it rarely happens there is kiln with 
80 much as 10 per cent. overburned. 

' The mortar is composed of one part of cement, arid one "part of. clean, 
sharp river. sand, and is ‘ground i in mortar mills worked by steam 3 5 rr ‘BObI: 
he’ gtound, it is vised: ° From repeated experiments I have found’ ‘that’ 
freshly ground mortar made into & ball about 8” diameter, and compredaed i 
With the hands sets firmly under water in about 24 hours, and in about 60 
hours is quite hard, and the longer it remains under water the better it 
seems to get. Balls of it that have been under water for two months, I 
have allowed to fall from a height of 8 feet on to stone without their 
breakiug, and it was only after repeating it two'or three times that they 
broke. In the loeks and other masonry works now under construction 
. here, this mortar sets slightly in about 12 hours, and in from four to six 
days it is quite hard; it requires to be kept constantly wet during the day 
for at least a month after building. If it is not, the result is that the 
mortar crumbles into dust on being rnbbed with the fingers, and is about 
as useful to the strength of the work as so much sand would be. In my 
sub-division, I have the masonry kept wet for at least two months after 
building, and I think it is beneficial to do so. I have had occasion to 
knock down small portions of masonry which had been built for two or 
three months, and I invariably found it more difficult and much more ex- 
pensive than hard rock excavation. As a rule the stone broke before the 
mortar. 

Doubtless there is as good mortar in a few parts of India, but I am 
certain a better does nct exist. 

I may mention that at the end of the working season of ’68, the Exe- 
cutive Engineer of the 1st Barrier Division, Mr. Rhind, and I, tried an 
experiment with the nodular lime-stone, (the ordinary gooting,) and we 
found that manufactured in the same way as described, it produced a very 
fair cement, but inferior to that from the other stone, ‘The reason no 
doubt was that we had not found the proper proportion of the clay to use 
with it, and the experiments were not continued to enable us to do so. 


EXcHAMPILLY, J. W. G. 
Ath February, 1871. 
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No. XI. 
SNAG BOATS ON AMERICAN RIVERS. 


By Caprain J. M. Hexwoop, R.E. 


Tax immense increase now taking place in the population, and wealth of 
those States known as the Western States, has naturally caused a great 
amount of newly awakened interest in the channels of communication with 
the countries and States lying beyond them. ‘The most important of these 
is the Mississippi, and its tributary rivers the Ohio, Missouri, &c. Owing 
to the densely wooded nature of their banks, and the eroding power of the 
above vast rivers on their margins, thcir beds are strewed with huge trees, 
which swept in on the falling of the undermined bank, sink root downwards, 
and present one of the most serious obstacles to navigation. When the 
water falls, the heads of these trees or snags, are to be seen in hundreds ; 
every fresh lowering of the level discloses others which from their more 
inclined position or shorter length had previously remained hidden. It 
may readily be imagined that a steamer leaving the middle channel to 
avoid the rapid current, and steaming against one of these Snags, runs a 
chance of seriously damaging itself. Such is too often the case, and the 
reports of the various Chambers of Commerce of the cities between which 
the steamers ply are filled with such items, as “ steamers sunk,” a “ total 
logs,” | 
The Snag boats employed on the Ohio and Lower Mississippi, whilst 
¥ was on those waters in 1869, were the Abert, DeRussy and Song. Two 
others were in full operation on the Upper Mississippi and Missouri, and 
a new boat of light draught was being built at Cincinnatti for the 
Arkansas river. - 
A Snag boat is simply a double hulled boat with oowerfil saocktaeey 
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for lifting the Snags, and for cutting them up when so lifted. Previous 
to the Great Civil War in the States, the machinery for propelling the boat 
was also utilised for pulling the Snags: now however the two operations 
-are performed by independent machinery to the great improvement of the 
working. . 

The great number of auxiliary engines on Americ&n steamers of the 
kind under description is one of the most noticable features; for instance 
in a model of one which it is intended to build when funds are voted for 
the purpose, there were 

2 Main engines, cylinders 22”, length of stroke 6 {cet. 

2 Doctor engines, each to supply two of the boilers. 

. 2 Auxiliary engines, cylinders 6” diameter and 12 inch stroke to drive 
two geared capstanis. 

38 Auxiliary engines, to drive the saws required to cut up tlie Snags when 
on the cradle. 

2 Anxiliary engines, cylinder 10” diameter and 15” stroke, to drive 
the gearing of the hoisting machinery. 

The hulls of the boats to carry the above machinery are intended to be 
‘each 160 feet long, 26 feet beam x 25 feet floor and 7 feet in depth of 
hold. The operation of pulling the Snags and removing them from the 
bed of the river is very simple. The double hulled boat is steamed against 
the stream towards the Snag, which is caught by a chain slung across 
from hull to hull. A small chain which is wound round a capstan in the 
deck is then attached and drawn upon, till the Snag has been pulled 
sufficiently to allow of the men adjusting a larger chain; the latter is 
wound round a steam drum midships, and being acted upon by indepen- 
dent auxiliary engines of considerable power, is usually easily set in 
motion with the attached Snag. The Snag once lifted in to the cradle is 
cut tp into convenient lengths by the side saws, and thrown over into 
the water in. pieces. The work done by the three Snag boats I have 
mentioned as plying on the lower Mississippi and Ohio is very large. 
Thus the Adert between 28th March and 80th June, 1868, pulled 158 
Snags: the DeRussy between the 11th of May and 30th June, 1868, 
pulled 222; and the Song between the 25th of April and 30th June pulled 
149. Some of-the Snags pulled were enormous; for instance on the 8th 
_ April, 1868, the Abert pulled a Snag 104 feet long 6 feet 3 inches diameter 
at batié and 8 feet 3 inches at top; on the 11th of the same month, it disposed 
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of one 180 feet long, 6 feet 4 inches at butt and $ feet at top. The largest 
drawn up during the season (1868) was 119 feet long, 7 feet diameter at 
butt and 4 fect 4 inches at top. This Snag was imbedded 27 feet in the 
bed of the river, and was removed and brought on to the cradle with the 
soil adhering to its roots without having caused any injury to the machinery 
or rigging. Later in the year (September, 1868) the Abert drew up an 
enormous sycamore log, 45 feet Jong, 85 feet 6 inches round the butt, 
and 16 feet round the top, the operation took 4} days. This again was 
exceeded, for the Song removed at a place below Memphis a Snag 74 
feet long with a girth round the butt of 344 feet and top of 172 feet, 
weighing 103 tons. The cost of a double hulled Snag boat similar to 
those now at work is about £10,000, and the monthly expense including 
fuel, wages, &¢., £45069 Wate coc. GONG GaHADUR 
J. M. H. 
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No. XII. 
SIMPLE RULES FOR RECOGNIZING STARS. 


By Lizur. H. W. Crarxe, R.E. 


Many persons find considerable difficulty in learning the positions of the 
principal stars; it is, therefore, proposed, in this paper, to give a few 
simple directions, by aid of which some of the stars can, immediately, be 
recognised. Some fixed, known points having been, thus, obtained, less 
difficulty will be experienced, in learning the positions of other stars, not 
80 easily observed. 
In observatories, a star is found, by means of its right ascension r N and 
Fig. 1. its declination N §; and these co-ordinates of 
a star’s position, are, for stars which are fre- 
quently observed, kept recorded in the observ- 
ing room, for casy reference. 

But, we are not supposed to be thus fur- 
nished. If one stand, on a clear night, facing 
the east, and observe a bright star, it will be 
noticed that the star rises higher and higher, 
reaches its culminating point, passes it, des- 
cends, and sets in the west: it will further be 
observed that that star, each succeeding night, reaches its place (the place 
in the heavens in which it was first seen) sooner. 

The rate of this change is six hours in three months. Let us take 
a station in the northern hemisphere and look towards the north. 

Since the earth makes an entire revolution from west to east, in the 
space of 24 hours, we should, but for the light of the sun, be able to 
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view the entire starry firmament in the northern hemisphere in that 
time; but, as it is, we are unable to do so. - 

The small change in the time, at which # star occupies the position, it 
had, on some previous night enables one to view all the stars, in succession. 

The motion, that the stars appear to have, is due to the rotation of 
the earth, from west to cast, making the apparent motion of the stars, 
from east to west, on its axis. 

The path of each star is parallel to the plane of the equator. 

Hence, to an observer, at the pole, the stars will appear to describe 
circles parallel to his horizon, and the stars will never set. 

While, to an observer, on the equator, the stars will appear to take a 
vertical path and will daily sct. 

{t is evident, that near the pole, there will be some stars the path of 
which, to an observer in the northern hemisphere, will always appear 
above the horizon. These stars are called circumpolar stars. 


Fig. i. 


. a 
Algol. sh, a 9 


{ 
Yx-xB 


Since, the entire rotation of the diurnal movements is effected in 24. 
hours, a quarter of the total movement is accomplished in six hours. 
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” It, therefore follows, that a constellation, such as the Great Bear, repre- 
sented on the right of the pole, at mid-tight, on the 20th December, 
will be, at 6 o’clock in the morning above the pole star, the rotation taking 
place from right to left (against the hands of a watch), as stated before. 
The appearance of the plate will alter, also, with the season, owing to 
the advance of the earth in its orbit, each star occupying earlier the 
position of the preceding night: the following table will show this :-— 





ad a 
4%. 1, a8 it stands, ee ee o | GERM. Noon. 6A. M. 
Right hand side at bottom, .. e« | Noon. 6 A. M. Mid-night, 
Top side at bottom, .. oe o | GAM. Mid-night.| 6 P.M, 
Left hand side at bottom, es -- | Mid-night.| 6 P.M. Noon. 


The farther one goes from the pule, the fower aro there circumpolar 
stars. 

Let it be-mid-night, near the 20th December, let us look towards the 
north, 

We shall see, removed not far from the pole, a group of seven stars, 
four of which form a quadrilateral, and three the tail, called the Great 
Bear, 

Join, by an imaginary line, the two extreme stars of the quadrilateral, 
farthest from the tail, and produce it; this line will pass through Polaris, 
the pole star, at a distance equal to five times that between a and 3, Ursa 
Majoris: join 6 Ursa Minoris and Polaris by an imaginary line; produce 
it, and at a distance as great, from the pole star, as 8 Ursa Majoris is 
itself from the pole star; § Cassiopea is reached. 

Cassiopea is a constellation having the form of a chair, legs towards 
Polaris. 

By drawing a line through the two stars of the quadrilateral of the 
Great Bear, nearest Polaris, and producing it, Capella (a star of first 
magnitude), in the constellation of Auriga, is met, near the zenith. 

f Algol, in the head of Perseus is to the west, above Cassiopea. 

Looking south, on the 20th December, at mid-night, we shall see the 
constellation of Orion recognisable by. four stars, two of which are 
of the first maguitade, forming a quadrilateral, higher than it is broad, 
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and distinguished by three stars of the second magnitude, placed in a 
straight line in the middle of*the quadrilateral: of which a (Betelgeuse) 


has a reddish tint. 


Fig. 2. 
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The figure as it stands represents :-— 
Mid-night, 20th December. 
Six o'clock in the evening, 22nd March. 
Noon, 20th June. 
Six o’clock ia the morning, 22nd September. 

Prolong the line passing through the three stars forming the belt of 
Orion, towards the north-west, and a red star, first magnitude, Aldebaran 
by name, will be seen. This star belongs to the constellation of the Bull, 
and is situated in a group of small stars called the Hyades. 

A little farther will be seen the Pleiades, numbering six visible to the 
naked eye. 

Prolong the line through the three stars in the belt of Orion towards 
the south east, and we reach the star a (Sirius) of the constellation Canis 
Major. This star is remarkable for its scintillation and is of the most 
dazzling whiteness; it is the most brilliant star in the two hemispheres. 

Towards the east, and at the same height (circa) as the belt of Orion 
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is Procyon, a star of the first magnitude, situated in the cénstellation of 
, Canis Minor. 

Observe that Betelgeuse, Sirius and Procyon form a triangle, the three 
sides of which appcar to be of equal length. 3 

Above Procyon, towards the zenith are seen Castor and Pollux of 
the constellation of the Twins; these stars are of the first and second 
magnitude. The heavens defile before us, from east to west, and we now 
see, on the 22nd March, at mid-night :—To the east of Procyon, a little 
higher, a Regulus, star of the first magnitude, in the constellation of Leo: 
this constellation can be recognised by the sickle-like form, which the 
stars present towards the west, and by its proximity, on the west, to Pro- 
cyon of Canis Minor. 
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Denebola £ is situated in the tail of the Lion, at the other extremity of 
the trapezium, formed by a, y, o and 0. 
At the same altitude, as Procyon (which is setting) is Spica Virginis 
nearly due south of Denebola of the Lion. 
Farther to the east, is seen Arcturus, in the constellation of Bootes. 
Spica, Arcturus and Denebola, form a triangle, the sides of which are 
‘nearly equal, and of which the line joining Arcturus and Dencbola is 
nearly parallel to the horizon. 
_ This figure represents the stars when seen— 
On the 22nd March, at mid-night. 
On the 20th June, six o’clock in the evening. 
B On the 22nd September, noon. 
"Von, I—SECOND SERIES. M 
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On the 20th December, six o'clock, in the morning.’ aN 
The heavens defile before us, and we see, on the 20th June, at wd 7 
night—~ 


The Milky Way. traversing the heavens, from the southern horizon 
to the north-east 

Near the Milky Way to the west is (Vega) a Lyra, first magnitude. 
which may be recognised by a small elongated parallelogram below it, 
the declination of this star is nearly 40° north. 

Near the equator will be seen three stars in one line of which one is of 
the first magnitude (Atair) a Aquila, and two of the third magnitude. 

A line drawn through (a) Aquile and (3) Aquile and produced towards 
the south will meet (Autares) a Scorpii, a star of the first magnitude. To 


the east of (Vega) a Lyrm, is a Cygni, a star of the first magnitude, 
_ Observe that— 


a Cygni, Atair and Vega form an isosceles triangle. 
Fig. 4. 
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This zone, Fg. 4, presents the same appearance— 
On Juno 20th,at mid-night. 


On September 22nd, six o’clock in the evening. 
On December 20th, noon. 


On March 22nd, six o'clock in the moming. ~- .. | 
"On the 22nd September, at mid-night, we behold a large scare of 
four stars, three of which are of the second, and one of the third magni 
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tude; close to this square, on the astern side, are. three stars of the 


raat, 


‘The figure, thus made up, resembles the group of the Great Bear. 
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This figure offers the same aspoct on 
September 22nd, at 12 night. 
“December 20th, at 6 vp. a. 
March 22nd, at noon. 
June 20th, at 6 a. u. 
Of these seven stars, three belong to the constellation of Pegasus, 
three to Andromeda, and lastly the most eastern one is Algol, in Perseus. 
Immediately below a Pegasi, with a south declination of 30° is a Piscis 
(Fomalhaut), a star of the first magnitude. 
The place, at which, the observer has been supposed to be situated is 
one having a latitude of 50° north. 
We have, to sum up, fixed, in the mind, the positions of— 
a, B, y, &, « (Alioth), & » of the Great Bear. 


. Polaris, | Little Bear. 
A, Cassiopea. 
a Capella, Auriga. 


_. & Algol, Perseus. 
»'«@ Bs 2,8 (of the belt), Orion. 
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Canis Major. 


a Sirius, 

Pro¢yon, Canis Minor. 
a Castor, B Pollux, Gemini. : 
a Aldebaran, Taurus. 

a Regulus, 8 Dencbola, Leo. 

a Spica, Virgo. 

a Arcturus, Bootes. 

a Vega, Lyra. 

a Atair, Aquila. 

a Cygnus. 

a, 3, y, and Alpherat, Pegasus. 

By y Androineda. 
a Fomalhaut, Piscis. 


This system of ascertaining the positions of stars has been adopted, 
fromea belief that it is easier to draw an imaginary line through stars, 
visible in the heavens, to ascertain the position of some other star, than 
to imagine a figure which can only have existence in the imagination. 

It must be conceded that gelestial globes and charts of the heavens 
would be far clearer, and much more intelligible, were the figures, which 
serve chiefly to distract the eye, omitted. 

I have to acknowledge the assistance I have obtained, from the work 
on Astronomy, entitled ‘‘ The Heavens,” by Amédée Guillemin. 


H. W. C. 
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bridge and stated, that “ when the old foundations were boing cleared last. 
year, a great deal of indifferent work was seen. Many of the wells had. 
evidently not been sunk down half the depth necessary in such a situation, 
and if the rest of the foundation has been laid in the same way the fall 
of the whole bridge is only a question of time, unless measures are adopt- 
ed for preventing further undermining of the arch. I recommend the 
construction of a retaining wall along the whole front of the work.” 

On the 15th March, 1864, the Superintending Engineer reported thus : 
—“ In the estimates I have only allowed for rebuilding the retaining wall 
and flooring of the arches to correspond with that of the portion now 
standing. Iam not sure that I am correct in inferring that Government 
was not aware that the bridge in front of the anicut had a retaining 
wall from pier to pier, but I do not believe my predecessor was aware of 
it, and the impression conveyed by his letter would lead one to suppose 
that he advocated such a protective work from the omission of such wells 
in the original plans. I found by the level that the depths of these wells 
were only 84 feet in the old work, but this [ think insufficient and I have 
allowed for 16 feet to the bottom of tho wells.” As regards the scour 
said to be caused along the face of tho anicuts, I must say that I did 
not discover any very great traces of it, and certainly that shown in the 
north branch has not worked injuriously. There is no appearance what- 
ever of this action in the southern branch, but this may be owing to tho 
partial blocking up of the vents and to the shutters having been left in 
the anicut most of last season.” The Superintending Engineer then 
states, that only one and half of a second sluice had been closed, and that 
‘‘no groynes of any kind had been thrown out.” . He strongly recom- 
mended that the sluices be now left as they are, being of opinion that 
they served to regulate the bed above the anicut, the level of which he 
stated to be at that season on the average the same as the crown of the 
of the work, though he did not “foresee any evil consequences from the 
raising of the natural bed in this manner.” 

On the 18th June, 1864, he reported, “that 140 running feet of the 
body of the Bnicut apron ond front retaining wall, as well as five piers 
and seven arches, had been rebuilt from tho foundations upwards without: 
any accident, and all the remains and débris of the old work first carefully 
removed, a report which clicited tho expression of: ihe satisfaetion of 
Government, but on the 12th August following the same officer in report- 
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ing the resulta of the scvere floods in the latter part of July, stated that 
portions between the picrs of the body of the anicut had been carried 
away, which hé then ascribed to the work having been only just complet- 
ed; and not thoroughly dry, when a flood rising six feet over the. anicut 
camé down, and continued to the date of his letter, pouring over the crown 
thongh in a diminished degree. The fall of the six new arches of this 
anicut bridge was further reported on the 16th September, 1864, and 
was ascribed ‘to the high and continued floods acting on masonry which 
had not time to become dry.” 

In his letter of the 23rd September, 1864, the Superintending Engi- 
neer states, that the breached part consisted of 96 feet of new and 47 
feet of old work, and argues from that fact, and the reports of the anicut 
servants, ‘that the old work first gavo way and then caused the destruc- 
tion of the adjoining new work and fall of the arches ;” and, further he 
tries to prove that it was the old part of the dam that was first breached, 
alleging that in rebuilding the work the old wells were removed to the 
full depth of 10 feet before the new foundations were laid, thus showing 
that the old wells were actually 10 feet deep. 

His final report of the 7th Novembcr, 1864, No. 1905, contains the 
most distinct enunciation of his views regarding the causes of the repeat- 
ed breaches in the anicnt, and the means of preventing their recurrence, 
yet recorded. Having in para, 4 reiterated his belief in “the probable 
defective state of the foundations from leakage,” and “that leakage does 
take place generally to a considerable extent,” he procecds, in para. 5 to 
state, “that the accidents which have lately occurred to this anicut have 
taken place when the river was nearly on a level with the top of the 
anicut.” At such times there are seven and a half feet in depth of water 
in front of the work and none in the rear. The section of the anicut 
consists of wells six fect in depth with solid brick in chunam work four feot 
in depth above them for the foundations, with a body wall above seven 
and a half feet high. I believe that the pressure forcing its way below 
the solid foundation causes leakage through the wells and disturbs the 
front aprons. It is true that the floorings of the arches between the 
piers. which were constructed when the bridge was built and which are 
one and a half feet thick of brick in chunam, must offer some counteract- 

ing: effect to such pressure, but I believe not sufficiently great to remedy 
 the.evils, I.complain of. Again, ‘tho front retaining walls on the line 
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eof the cut waters of the picrs though said to be sunk on wells ten feét below 

the bed, on the same love] as the body of the work may possibly prevent 
any leakage, but here also I am not at all sure that the effects complained 
of do not occur, and that the sand is not disturbed in the neighbourhood 
of the retaining wall. <A lateral scour along the face of the work was 
supposed to have occurred from the draught through the sluices, but 
the results of the Government order directing the closing of the slnices 
and the remedial works which I propose, and will refer to presently will, 
I believe, cffectually remove such a scour. When the river rises above 
the anicut there is a considcrable depth of the water on the lower apron, 
and the pressure is more equalized as well as an additional weight added 
to the apron to counteract such pressure. It is well known that leaks 
occur in the upper Coleroon Anicut, and are traced to such causes as I have 
described.” 

Para. 6. “To remedy these defects, therefore, and to remove them as 
far as possible, I would propose to adopt the following work, as described 
below. We cannot woll interfere with the present section of the anicut, 
but to prevent lcakage as much as possible, I would add two layers of 
granite stone in hydraulic chunam to the flooring of the arches between 
the piers in front of the anicut to its full breadth, which would make 
the thickness two and a half fect, in place of one and a half feet, and 
I would add an apron on the upper side of the bridge, six yards wide, 
and two and a half feet thiek, faced with granite stone imbedded in con- 
crete, and resting on its outer edge on a row of wells sunk nine and a half 
feet below the bed, or seven fect below the apron. In the body of the 
-work I would endcavor to lay the wells to a groater depth, and sink them 
twelve feet in place of ten feet, as in the present anicut, the solid work 
would thns be six feet in thickness above the ‘wells.” 

In their ordor of the 7th December, No. 3486, the Government ob- 
serve (para. 3), that “the Superintending Engineer states that on each 
of the occasions of the Anicut giving way, it yielded when the water 
stood against it nearly up to its crest, and if this be the case, and if 
no over-fall had previously scooped out the sand to any considerable depth. 
from the rear of the lower apron, it is clear the work has been each time 
destroyed by the leakage removing the sand from around the foundations 
.end allowing the upward pressure of tho water standing in front of the 
anicat to act on the lower side of the thin ‘rear apron, and blowing it ap 
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, $0 form 8 breach.” Pars. 4. ‘The addition of an apfon faced wit, 
# deep retaining wall in front of the anicut, and the strengthening of the 
‘apron behind the work as proposed by the Superintending Engineer appear 
to be measures well adapted to check leakage and generally to strengthen 
the work, but steps miust be ‘at the same time taken to regulate the dis- 
charge down each arm of the river, with reference to the length of the two 
sections of the dam, and prevent all irregularity of over-fall on either 
branch of the work.” 

From the foregoing precis of the correspondence relative to thé re- 
peated breaching of the lower Coleroon Anicut, it appears that the follow- 
ing causes have been assigned for this remarkable series of disasters to a 
work which had previously stood uninjured for neatly a quarter of a cen- 
tury (24 years), viz.:— 

Firstly. Colonel B. declared the first breach to be caused by the scour 
along the face of the work caused by accumulations of sand in the river 
above the anicut. 

Secondly. Lieutenant-Colonel F. was of opinion that the second 
breach of 1863 was owing to the old foundations being sunk not half the 
depth necessary in such a situation, and to the want of a retaining wall 
along the whole front of the work. 

Thirdly, Captain B. after first reporting that the third breach of 1864 
was caused by the high and continned floods acting on masonty which 
had not time to dry, then stated that the accident was caused by excess 
sive leakage through the wells owing to their insufficient depth and de- 
fectiveness, and he also believed that the pressure of the water when level 
with the crown of the dam had forced it below the solid foundation, and 
disturbed the front apron. 

In reviewing the whole of the above circumstances, the fact must be 
self-evident that the injuries sustained by the dam and bridge since 
1861 are owing to causes which had not operated from 1887 and 1857 
to that time, and therefore it is all but certain that they are not caused 
by any inherent defectiveness in the original construction or subsequent 

improvement of the work. 
Jam aware that some of the wells both in the bridge and apron were 
not carried down to the fall depth of 10 feet, for the very good reastn 
that a solid bed of clay was met with in some places at a less depth, into 
which no wells could be sunk, and which could not be undermined by 
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y spressare from standing water though it might be removed by a laters, 

current, and thet such currents were formed in 1861, is proved by the 
statement of Colonel B.; while I am informed by the Collector of Tanjore, 
who saw the work in April last, “that the scour in the northern di-: 
vision of the anicut in the south branch had been tremendous, and that 
the foundations were turned topsy turvy.” 
. Another fact rendered patent by these reports is that the injury of the 
south branch of the anicut has been owing to causes which do not. 
affect the northern branch of the work, which is of precisely similar sec- 
tion, and it may therefore be fairly argued on this ground that defective- 
ness of construction is not the cause of failure. 

Having thus stated on what I consider sufficient grounds that no 
fault of principle or practice in the construction of the anicut has led to 
these repeated disasters, I may without presumption proceed to point out 
what certainly appear to be adequate causes of the mischief. Any one 
familiar with Delta Engineering is aware that changes in the beds of 
tivers are brought about by the most simple causes, the operation of 
which demands unceasing vigilance and counteraction, and that such 
eauses may lead to, and have produced, serious consequences. 

The destruction of the Vellaur Anicut and Bridge in 1858, originated 
in the immense accumulation of deposit above the work, owing to which 
no.direct overfall took place, but the current sweeping along the face walt 
wag discharged in overwhelming force at one end of the dam where a deep 
hole was formed that soon caused its ruin. Captain B., indeed, urges that 
the accidents to the Coleroon Anicut have always occurred during a low 
state of the freshcs when the water stood only at the level of the crown, 
but if such be the fact it is also observable that it has been invariably 
after the great floods of the year that the breaches have happened, and 
the mischief caused by irregular action must have already taken effect. 

My reason for recommending the enlargement of the sluices in the 
anicut was, that I found the bed of the river had silted up to a serious 
extent, and it was evident that a powerful scour during the high freshes 
would alone remove or mitigate the evil, for although Captain B. does 
not foresee any ill consequences from this change, I think most Engineers 
will admit that the bed of an embanked river cannot be allowed to rise 
eight feet with impurity. | . | 

‘Captain B. distinctly states, that the bed of the Coleroon had risen to 
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the level of the dam, which must have affected it-for throt miles upwards, 
or to the limit of lack water, and in some cases as at the Upper Anicut 
I'havé known the bed to be raised by sandy accumulations higher than 
tlie weir itself, Itis easy to see"that under sich conditions the ‘river 
cannot be discharged uniformly over the dam, but must be divided into 
currents impinging with accelerated force on uncertain parts. 

The sluices being in my opinion necessary works, I provided for their 
construction at regular intervals in order to control and distribute the 
current equally, which was done by incessant watchfulness and tem- 
porarily closing those vents which seemed to draw too powerfully during 
the floods. But I earnestly remonstrated in the early part of 1863 
against the intention then first known to me of blocking up the 
sluices permanently, the future result of which must inevitably be most 
disastrous. 

The year 1859 was remarkable for the highest floods in the on 
and Coleroon known for half a century, and while the most calamitous 
inundations occurred throughout Tanjore, the Lower Anicut was not 
injured. But it is in such seasons that changes in the beds of Deltaio 
rivers take place, which if not rectified lead to incalculable evils, and con- 
sidering the uniform effect of the floods of 1861, 1862, 1863, it is impos- 
sible to doubt that its origin lies in some formation above the Anicut, 
which drives an overwhelming and oblique current on the south branch, 
against which no mere strengthening of the work itself will avail. 


Further remarks on the causes of the faslure of the Lower Coleroon Anicut 
tn Tanjore. 

T stated in my former paper that a very material cause of danger might 
be found in the formation of irregular currents, owing to possible accu- 
mulations of sand above the anicut, but this view is now declared to be 
mistaken, as Colonel G. has reported, that “the bed of the river above 
bridge is level, and the channel remarkably straight, there having’ been 
no gullies cut by draft from the sluices.”. Yet in the same paragraph that 
Officer states :— The only irregularity in the bed was a very objection« 
able island, that lay opposite the 5th and 6th arches from the north 
abutment (now. carried away), and which doubtless was an aggravating 
agency im the causes to which I attribute the breach.” Again, in 
pars. 19, it, is said, “If anything should exist to cause an. eddy 
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ebove the work (as the island before-mentioned), or a disproportionate 
amount of oyerfall (improvided for) at any particular point, it won 
evidently accolerate the result.” 

The foregoing extracts contain ample demonstration of the trath of my 

supposition, that irregularity of overfall did actually occur before the 
anicut was breached at that very part, and the only difference between 
Colonel G. and myself appears to be that, he regards as secondary that 
which I believe to have been the primary cause of disaster, 
_ Farther, Colonel G. alleges that the average level of the river bed at 
half a mile above the anicut is about two feet higher than the crown, or 
nine and a half feet above the apron, thus greatly adding to the slope of the 
surface, and increasing the velocity and distance of the overfall, so that 
the apron which was calculated for a weir of seven and a half feet, and 
a slope of two and a half feet per mile, would necessarily prove insufficient, 
and it was this rise of the bed which the sluices were expressly demgned 
to counteract. 

I know that the entire work rests on a bed in which both clay and sand 

occur, but the excessive scour through the south branch, for three suc- 
cessive seasons, has doubtless left nothing visible but sand, — 
- But were Colonel G.’s surmises correct, it would not invalidate my belief 
that the anicut would have stood firm under proper regulation, for the up- 
per anicut of the same section, but not quite so high, rests on an unmixed 
bed of sand, and was breached only in 1859 by a lateral scour from the 
Jyaur river, which joins the Coleroon immediately above that work. 

It is a mistake to suppose that there was no rough stone behind the 
apron, as such a protection to the dam existed for 20 years before 1857, 
and was annually renewed wherever it had suffered injury. It was about 
six yards wide, and at that time proved sufficient for itg purpose; I can 
only suppose that it has since been destroyed without renewal. 2 

A third mistake was made in the statement that the retaining wall of 
the cut-stone.apron had no wells to support it, as there were undoubtedly 
such supports to the original work, though I cannot say whether they 
were omitted in the recent restorations, but I can hardly imagine so, 

A very remarkable proof of the correctness of my opinion as to the 
exosssive discharge over the south branch is afforded in para. 17, 
where the bed above the north branch is said to be “covered: with an 
unctuous black earth, and over-grown with grass and weeds,” this upper 
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crust over-laying the sand being simply a deposit of alluviam, which as well 
as the vegetation could not possibly be found with’s very rapid current 
on that side, and such was thé state of this part of the river in 1853, when © 
the only powerful sluices were at the north end of the dam, the effect of 
which was to cause a scour along the face of the work, which it was the 
object of my separate sluices to prevent, by i increasing the direct discharge. 

These sluices, four in number, which consist of two narrow arches of six 
feet each, with sills on a level with the river bed, are placed at equal distances 
of 190 feet, giving altogether 48 feet of sluice way, through which tho 
flood-water is discharged without obstruction, at its full depth, and it is 
certain they must exert great influence on the upper bed, provided the 
necessary means are adopted to ensure their effect. Colonel G. has never 
seen these sluices in action, and judges of their power by the state of the 
river bed when dry, after the gradual subsidence of the freshes has caused 
an almost uniform deposit of sand and silt. I proposed these sluices after 
trial of those of the same character, which I designed and constructed in 
the Upper Anicut several years previously. 
' I neither designed nor built the original work, but I maintained it in 
efficiency from 1842 till 1855, and the additional length proposed, but not 
actually executed by me, can scarcely be supposed to have diminished its 
security; but no hydraulic work in the delta of the Cauvery or any other 
river can stand for many years if constant attention bo not paid to those 
changes which, as I have before observed, arc produced by every year's 
floods. 

It may be useful to remark with reference to the statement that the bed 
of the river above the anicut is now very level, and remarkably straight, 
that if was impossible for any one to judge from observation of its condi- 
tion during the freshes, the gradual subsidence of which would tend to 
cause deposit of sand in the deeper parts, besides which the embankment 
‘e@eross the river (that is the south branch) would render accurate examina- 
tion difficult, and considering that for three successive years a broad 
gap has been formed in this part of the dam, through which the flood- 
water has flowed, it is impossible to doubt that the tendency of the current 
in that direction must have increased. The effect would in a degree be 
the same as that of the Upper Anicut on the head of the Cauvery, which 


" in 1842, had been dangerously deepened by the increased colemey of water 
thrown into it, 
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I may remark that in almost every instance of the destruction of an anicut, 
even when far more substantially built than the one now under consideration, 
‘I have found irregularity of discharge to be the principal cause. This 
has been lately very evident in Mysore, where the numerous ancient weirs 
formed of enormous masses of stone, and founded on rock, are generally 
constructed obliquely across the river, and frequently in a bend, causing: 
the current to act with disproportionate force on the part forming an 
acute angle, with the bank, which has been the first point to give away. 


My fears having been unhappily realized by the breaching of the lower 
Coleroon Anicut for the fourth time, I make the following observations on 
the circumstance :—_ 

The diagrams submitted with Captain O.’s letter of the 16th May 1865, 
establish beyond doubt the correctness of my original opinions of the cause 
of the series of disasters which have attended this work, and show that a 
most violent and dangerous action has been in progress which has been 
aggravated by each successive breach, because the bed of the river in that 
direction must have been increasingly deepened, and it is certain that if 
some remedial measures are not adopted to restore the equilibrium, no 
work can possibly stand on that site. 

At this early period of the season of freshes with an open breach in the 
dam, it is impossible to calculate on its condition when the river shall 
finally subside, but the state of the foundations of the north sluice renders 
it but too probable, that the ruin may extend southward, and it may be of 
such magnitade that it would be a question of economy whether an entirely 
new dam on a different site would not be preferable to the restoration of 
the old work. 

But in the hope that such a costly undertaking may not be called for, 
it is to be considered how best to rebuild the ruined part, and secure the 
rest of the dam, when every effort has hitherto proved abortive. 

It is diffieult without actual inspection to point out how the current of 
the river may be forced to take a more southerly direction, so as to sweep 
away the mass of sand which on that side obstructs it, but powerful 
groynes may be rendered effectual combined with an embankment eutting 
off the angle which the dam makes with the island, where the breaches 
have always taken place. 

These earthworks, the construction of which is well understood in Tan- . 
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jore, must be carefully and strongly built and stoutly defonded against the 
current, by which means the bed will be cleared and the direction of the 
stream altered, the slaices on the south side being kept open to create a 
powerful indranght. 

Whether it would be prudent to rebuild the rained dam before 
these temporary works have wrought their cffect may be doubtful, 
but at present I should incline only to lay the foundations in the first 
year. 

The plans should be determined in December at latest, and the works 
vigorously carried on during the ensuing three months, so that the early 
freshes of April may tend to consolidate the bank before their great trial 
of strength comes on in June. 

If the embankment should, as it certainly may, outlive one season, a 
vast improvement will be effected, and though it may be necessary to 
maintain the works for two years, yet their further security need not be 
doubtfnl, and if the objection be urged that the waterway would be too 
much obstructed, I reply that the anicut is much longer that it was 
during 20 years prior to 1856, and the present obstruction cansed by 
accumulations of sand and silt exceeds what would probably be taken up 
by the embankment. 

I would further observe that the idea, that the uniform rise of the bed 
of a river above a dam would not be injurious to its stability, seems 
to me opposed to experience in such rivers as the Cauvery and Coleroon, 
where no natural bed of rock exists to receive the overfall. 

When a dam is first built the current above it is not affected until 
it reaches the obstruction where the velocity is checked, and which it 
then surmounts by a sudden rise and fall, striking the bed below at 
a distance proportioned to the slope of the bed, and height of dam, but 
as the upper bed is gradually filled up with sand, the overfall becomes 
smoother and the distance of its point of impact greater until it 
reaches beyond the artificial bed or apron prepared to receive it, and 
acting on the sand soon produces deep holes, which eventually undermine 
end destroy the apron and body of the dam, and that this has been the 
process by which the existing evils at the Coleroon Anicut have been oc- 
casioned there can be no doubt, in addition to those caused by oblique 
action and lateral currents. 

In his remarks on the Upper Coleroon Anicut, the late Colonel Baird 
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Smith appeared to undervalue the effects of the enlarged under-sinices, 
because, he “ found (in January, 1853) the bed of the river above the 
“dam on the same general level as the crown of the work, and merely. 
channels of about the same width as the sluices cut through the sand 
opposite to each sct.” But, as I have before observed, the state of the 
flooded river cannot be altogether judged of when the bed is dry, for the 
sluices being opened only during the freshes cause powerful currents to 
set towards them, bringing down the sand in suspension, but when the 
sluices are closed the sand is deposited, filling up the channels and taking 
a pretty uniform level. Had Colonel Smith seen the state of the Coleroon 
ten years sooner, he would have observed the bed for some distance above 
the anicuts raised higher than the crown, by deposits of sand since swept 
away by the action of the sluices, the utility of which he fully recognizes 
in the following words :—‘ Although however the primary object of their 
construction has not been attained, their influence in combination with 
other works, to be referred to presently, in maintaining an uniform dis- 
tribution of the deposits and in preventing the formation of sand banks in 
Sront of the dam, has doubtless been of important service.” 

I may, therefore, fairly appcal to the high authority, just quoted, in 
support of my plan of distributing the enlarged sluices uniformly along 
the dam, and I firmly believe that with due attention to their working, 
combined with such operations in the river bed when dry, as would tend 
to remove casual obstructions, and preserve the direct flow of the current, 
these outlets will prove adequate to their purpose, and as large as would 
be conveniently managable, as well as safe with regard to their action on 
the down-stream bed. . 

Since the foregoing observations were written, I have had an opportunity 
of reading Captain O.’s reports of the 23rd June and 12th July, 1869, 
with the orders of Government thereon, and I notice the remarks on the 
difference between the aprons and bed of the river in the north and south 
branches of the anicut, but I believe that some misconception exists on 
this point from inattention to the great changes that have taken place at 
the anicat during the last seven or eight years, for both branches were ori- 
ginally constructed alike with a single apron, over about 12 feet of which 
another course of cut stone was afterwards laid to receive the overfall. 

The effect of the raised apron however was found to be an extension 
of the overfall to the rough stone packing beyond, and it was removed 
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from the work in the south branch and the apron relaid on one level, 
whieh at that time was certainly not above the down-stream bed, but it 
is quite intelligible that the increased action of the last few years, and 
especially since the breach of 1862, has had the effect of deepening the 
bed, and leaving the apron above it: and I must here repeat that sai 
aprons were protected by rough stone till 1857. 

With regard to the actual circumstance of the recent breach, it seems 
the European officer and subordinate observed that the current at first set 
towards the north, or new section, over which it flowed before over top- 
ping the rest of the dam, a fact which though contradicted by others 
seems to me perfectly in accordance with the state of the river, as shown 
by ‘the sections, as the deep channel mus¢ fill at once, and the sand banks 
to the south being higher than the dam would necessarily intercept the 
stream on that side. 

The sections show a bed of 10 feet 9 inches below the crown, or about 3 
feet below the base of the dam, on the north, and “a high ridge” of sand 
above the level of the crown on the south, and under such conditions, the 
torrent, bursting from the temporary embankment 700 yards higher up 
the river, must have set violently in an oblique direction on the very 
foundations of the newly built work, which “ rolled over en masse when 
2 feet of water was flowing over it,” a body which could not possibly have 
disturbed a solid mass of masonry, 8 feet thick, however new, had it not 
been undermined, and whatever may be the appearances now, I have no 
doubt whatever that such will prove to be the fact. 


* Subsequent examination of the anicut has shown that the breach of 
last year extended to the very foundations, and that the bed of the river 
was scoured out for some distance above the work to depths of from six to 
nine feet while the hole in rear measured 24 fect; and the opinion of the 
Superintending Engineer is that the causes of destruction were such as 
T have pointed out, though he cannot agree with me in considering the 
foundations to have been originally of sufficient depth, in which view the 
Guvernment have expressed concurrence. 

Assuming this opinion to be correct, it would at once set at rest the 
long’ vexed question between the Madras and Bengal Schools as to the 
necessity for deep foundations on sand: but this can scarcely be admitted. 
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The anicut has unquestionably been exposed to an action which was 
not contemplated on its construction, while numerous other works in the 
Madras Presidency, built on the same principle, attest its efficiency when 
care is taken to secure the foundations from such action; and these pre- 
cautions are found to be as necessary in the Godavery and Kistna as on 
the Coleroon. 


E. L. 
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ST. JOHN THE BAPTIST’S CHURCH, ROORKEE. 


[ Vide Frontispiece and Plate VIT.] 


As Engineers are often called upon to submit designs for Churches, es- 
pecially for small Civil Stations, it may be useful to furnish drawings of 
one of the prettiest of the small Churches which have yet been built in 
India : and with this view an Elevation, Plan, and Section of St. John 
* the Baptist’s Church, at Roorkee, are given in this number of the “ Pro- 
fessional Papers of Indian Engincering.” 

This Church was built eighteen years ago, from the design of Lieut. 
George Price, of the (late) Ist Bengal Fusiliers, and is said to have cost 
£2,300; which sum was raised by voluntary subscriptions, supplemented 
by a small grant from Government. 

As the building covers an area of about 4000 square feet, and can ac- 
commodate 200 persons, the cost may be assumed (on the above data) as 
Rs. 5-12 per square foot of area, and Rs. 115 per sitting. 

The Church consists of a Nave and Chancel; without any Transept, 
* Aisles, or Verandahs; it has, however, a small entrance porch on the 
South of the Nave, and a Vestry on the North of the Chancel. 

It is farnished with a masonry pulpit, (which communicates directly 
with the Chancel by means of a flight of steps in a vaulted passage 
through the main wall,) a wooden reading desk, brass lectern, a font, 
Communion table, harmonium, and (at present) sittings for 195 persons 
[165 in the nave, and 30 in the chancel. ] 

The area occupied by each sitting varies from 1/10" >¢ 2’ 8” to 1’ 10° 
x 8' 0”; and the central passage is 4’ 6" ixt clear width. 

The design is simple, well proportioned, and accurate in all details, 
the architecture is “ Early English,” and the mouldings, and finish and | 
execution generally are very good. 
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The east window of painted glass is of very handsome design, repre- 
senting the Apostles, and was the gift of the late Sir Proby Cautley. 

Notwithstanding the want of Verandabs, this Church is cool in the hot 
season, 48 compared with Indian Churches generally: the thick walls, 
frequent buttresses and narrow windows conducing to keep out heat and 
glare. It can hardly be doubted however that exterior aisles, or veran- 
dahs are appropriate for Churches in India, and should render Churches 
provided with such adjuncts, cooler than those consisting of a simple un- 
protected nave. But it is principally through the large Eastern windows 
that glare and heat are admitted into all Churches built on the usual 
European designs: and the skill of the designer would be advantayeously 
devoted to adapting the conventional requirements of English Church 
architecture to the necessities of a tropical climate in this particular, the 
arrangement of the Church windows, more perhaps than in any other 


structural detail. 
A. M. ‘E: 
Note.—The Frontispiece, representing this Church, is a Wood Engraving executed in the College 


Presa, from a Photograph taken expressty for the purpose, by Sergeant G. Sparke, Instructor in 
Photography, Thomason Civil Kngineering College, Roorkee, 
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(2nD Paper.) 


{ Vide P. P., New Geries, No. I, page 3-20. ] 


By Mayor A. F. Corser, B.S. C. (In letiers to Private Secretary 
to the Viceroy). (Published by desire of H. E. the Viceroy.) 


Budaon, 24th December, 1870. 


I wavE received your letter of 6th instant, forwarding a copy of re- 
marks by the late Colone: Auderson on my pamphiet, questioning the 
necessity of irrigation in Upper India, for which I beg to return thanks. 

IT am happy to learn that His Excellency the Viceroy has considered 
the pamphlet in question of sufficient importance to suggest its publica 
tion in the Roorkee Professional Papers. 

I have carefully perused Colonel Anderson’s remarks which I be-— 
lieve, convey the opinions of perhaps 99 out of every 100 persons in 
the country ; still I believe them to be incorrect from the following 
reasons : — 

It is found that where land, which formerly sometimes suffered from 
an excess and sometimes from a want of moisture, has been sub-soil 
drained ; the upper soil to the depth of the drains is never in the driest 
seasons so devoid of moisture as it used to be pravious to being drained, 
from the particles of the soil being more divided, and holding in the 
interstices between them moisture held there by capillary attraction 
and the retentive power of the soil. 
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This is also the case with soil deeply ploughed or cultivated, as will 
be seen by an extract I here give from a paper read by Mr. Ruston 
before the Farmers’ Club in London on 7th Noveinber, and reported in 
the Farmer of 14th ultimo, in which he says— 

“Phere can be no doubt that deep cultivation tends to preserve 
moisture in the soil in dry seasons, and to facilitate drainage in wet 
ones. 1t also unlocks those hidden treasures in which are so many 
elements of fertility, and consequently increases the producing power 
of the land.” 

During the present year, which has been one of exceptional drought 
in Europe, numbers of similar statements have appeared in the English 
Agricultural Papers. 

Colonel Anderson has stated, “ water to have full effect in promoting 
vegetation should be changed frequently, and the matter exuded from 
the roots should be cleansed away.”’ 

I suppose Colonel Anderson has here alluded to the theory of 
DeCandolle formerly believed in by continental agriculturists, which is 
mentioned by the late Mr. Kham in his Dictionary of the Farm, and 
who seemed to attach some degree of credence to it—that plants voided 
through their roots some excreta which were obnoxious to the same 
description of plant, if the land were not purified by some means before 
a second crop of the same description were sown on it. This theory is 
now exploded, and no belief is placed in it by agricultural writers of the 
present time, as will be seen by the following extract from an article 
on the theory of agriculture by Dr. Voelcker in the Cyclopedia of 
Agriculture, published in 1855 :— 

“It was supposed by DeCandolle and his followers, that the roots of 
all plants excrete certain substances analogous to the excrements of 
animals, and that these substances exercise an injurions effect on those 
plants from the roots of which they have been excreted, but that they 
are harmless to: other species, or even promote their luxuriant growth. 
When a field, after a succession of years, refused to grow any longer a 
remunerative crop of wheat, but repaid well the cost of raising a green 
crop, this experience was explained by the excretion theory in an:ap- 
parently simple and intelligible manner. The excretions of the roots 
of the wheat plants of former crops, said the adherents of DeCandoile’s 
theory, have accumulated in the soil to such a degree ‘that it hus 
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become poisonous: to plants of its own kind, but these poiscnous excre- 
tiuns.of the roots of wheat are food for a green crop, and thus turnips, 
for instance, succeed well after wheat. The experience that wheat 
could be cultivated again after a bare fallow, was explained in an equally. 
simple manner. During the time of rest, it was said, the poisohous 
excretions of former crops have time to decompose and to become con- 
verted into food for another crop of wheat. Beautiful and intelligible 
as this theory may at firat sight appear, it is marked by the great fault 
of not resting upon facts and observations ; and as this is now generally 
admitted by all natural philosophers of any authority, we shall not 
stop to expose the errors on which it is based, but shall at once briefly 
direct attention to the chemical mineral theory, which at the present 
time is believed to explain more fully and consistently the beneficial 
effects of a rotation of crops.” 

With regard to the rise in the surface water of wells or spring level 
it is not stated whether this has occurred in land formerly irrigated by 
wells, or in unirrigated lands; perhaps some Canal Officers may be 
able to give information regarding this ; if in land, formerly irrigated by 
wells, may it not be possible that formerly, when irrigation from wells 
was practised, the spring level may have been reduced below its normal 
level by the water being withdrawn for irrigation, which normal level 
would gradually be regained by ceasing to use the wells for such pur- 
poses; again the great amount of water used for irrigation may have 
had some influence. 

The well water is supplied by springs. How these springs are fed I 
am not prepared to-say, but I do not think that much water finds its 
way to the spring level by sinking direct down through the soil in lands 
irrigated by wella. Iam inclined to think the water reaches the spring 
level by lateral or horizontal percolation, through porous strata of soil, 
from tanks, jheels and other depressions on the surface of the soil, as 
throughout the North-Western Provinces we find grain regularly stored 
in pits in the ground without being damaged by wet. If rain or other 
water sank vertically through the soil these pits would not be sufficient- 
ly dry for storing grain. 

_ think this might easily be tested by examining the soil of irrigated, 
nd also of unirrigated fields, at various depths from three or four feet to 
.fen or twelve feet, or even down to near the water level, and comparing 
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the percentage of water contained in the sub-soil at the different depths: 
I do not think much difference would be found between the amount. of 
water in the sub-soil of a field irrigated from a well and an unirrigated 
field. 

Colonel Anderson states, with reference to bhoor lande—* The rain. 
water penetrates the surface immediately and is retained in the imper« 
vious stratum underneath.” 

If such were the case, how are we to account for the increase of 
ravines on these bhoor lands, by which much valuable land is cut away 
every year of which there are ample evidences close to this station. 
How also is 2 common statement, that sufficient water-way was not in 
former years allowed for culverts and bridges, to be accounted for, 
but by the increased area from which the surface drainage finds its 
way to the water-courses. The culverts and bridges may have had 
sufficient water-way at the time they were built, but since the area 

drained has been increased, the water-way is now found insufficieut. 

I do not know to which part of my pamphlet Colonel Anderson re- 
ferred, when he stated—‘“ The process by which the moisture is obtain- 
by the roots of the plants is in reality very different from that des- 
cribed by Majur Corbett,""—but I think I can bring the statements of 
numbers of agricultural writers in proof of what I have stated. 

Colonel Anderson bas also said, with reference to my views as laid 
down in the pamphlet—“But he has not considered that, let the 
amount of rain be as small as he chooses to mention, he cannot reckon 
on getting it at the proper time. If rain does not fall at all in Octo- 
ber, November or December, what has he to fall back upon unless ar- 
tificial irrigation ?”? I believe that if the land is thoroughly cultivated 
to a proper depth and farm-yard manure used, ae it should be, we shall 
be independent of rain in the months above-mentiuned, and crops may 
be raised without a drop of rain from seed time to harvest. I think I 
stated this clearly (on page 7, No. I. P. P., New Series,) where I said, 
referring to unirrigated lands—“ If we can retain in them the moisture 
from the regular monsoon raing, we shall be independent of what may 
fall in the cold weather.” At the same time, I believe the more reliance 
is placed on irrigation and the more we trust to it alone as a safeguard 
against famine, the more we shall be disappointed. 

I ‘do not know whether the meteorological returns will bear me ati 
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but I believe there has ‘been an increase, if not in the temperatere, at 
least in the aridity of the country, because during the years 1868-09- 
70 I have, as Police Otficer of this District, in the months of May, 
June and July, had numbers of cases of deaths of natives reported 
from heat apoplexy (duhke mére). It was uncommon to hear of deaths 
of natives from heat apoplexy in Rohilkund in former years.’ Also due 
ring the last three years I have noticed the drying up of young mango 
trees from the scorching effects of the hot winds. By young mango 
trees I here mean trees of from one to two feet in diameter, and which 
may be considered half-grown trees. J know of no cause for this fur. 
ther than a general dessication of the country produced by increased 
surface drainage and evaporation which would be prevented by raising 
and keeping in order the ridges round the fields, and deep cultiva- 
tion. 

In a tabular statement of surveyed and assessed area in the North- 
Western Provinces fur 1868-69, page 304, Annals of Indian Adminis- 
tration, Volume 14, Part 2, of a total of 24,105,849 acres cultivated 
8,912,235 are returned as irrigated and 11,919,996 as unirrigated ; de- 
tails of irrigated and unirrigated not being given for five districts; and 
in this district only 200,891 acres are returned as irrigated, while 
628,549 acres, or more than three-fourths of the cultivated area, is une 
irrigated. These unirrigated lands do yearly produce sume crops, and 
it was primarily with a view to their improvement I wrote the pam- 
phlet—“ Is irrigation necessary, &e. ?” 

I am sending to your address, by book post, a copy of notes on 
agriculture and sanitation published by me in 1868, and request you 
will oblige me by offering it for the acceptance of His Exceilency the 
Viceroy. My ideas regarding irrigation have been somewhat modified 
since I wrote it. 

I have explained the system of manure pits and manuring to num- 
bers of the zemindars and cultivators of this district, but am sorry to 
say they are very apathetic on the subject; although those who have 
tried it in a careless way acknowledge its benefits, still I am convinced 
that unless model farms are established where farming is practised on a 
rational and paying system, years will elapse before we can induce the 
natives tq alter their present style of farming. 

- What the natives require is not precept but example, and when they 
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see the solid benefits of good farming, they will not be long in following 
a system giving greater remunerative results than their present one. 

I have as yet only been able to carry on experiments on & very small 
scale, but should the Government think fit to order me to try further 
experiments on a larger scale, I shall be most happy to do so. 

I have only to add that J] have prepared a list of forage plants, which 
I think might be tried in these provinces with a fair chance of success, 


Budaon 12th May 1871. 


In my letter to your address of 24th December last, replying to 
some remarks of the late Colonel Anderson on my pamphlet “Is irri. 
gation necessary in Upper India;” after giving an extract from the 
Former newspaper, I stated, with reference to deep cultivation: ninding:. 
‘to preserve moisture in the soil in dry seasons, that “during the pies - 
sent ‘season which has been one of exceptional drought in Europe num, 
bers of similar statements have appeared in the English Agricultural . 
Papers.” At the risk of being considered tedious I send a few ex- 
tracts bearing on the subject; as, however, I have, since writing the | 
above-mentioned letter to you, procured Volumes 1, 2 and 3 of the 
Country Gentleman's Magazine, which I had not before seen, I shalt 
also quote from these volumes. 

In an article headed “ Deep culture in relation to the retention of 
moisture in arable land,” on page 116, Volume 2, Country Gentleman’ 8 
Magazine, it is stated— 

“Deep digging, trenching, or subsoil ploughing are means for pre- 
serving the moisture in the soil during heat and drought.” 

Again on the same page.—“ The pulverizing of the soil also contri- 
butes to the retention of moisture.” 

On page 520 of the same volume, oceurs—“the grain crop this last 
peculiarly dry season ”’ (alluding here to 1868) “‘ was a good average, 
and I attribute this to the rootlets getting further down, and the deep 
stirring keeping the moisture better.’’ 

In the Farmer of 20th July, 1870, is an extract from the Journal 
Official de ' Empire Francais, giving an ordinance of the Minister of 
Trade and Agriculture, urgently requesting the Prefects of different 
departments to call the attention of agriculturists to a report drawn up, 
at the solicitation of Government, by Professor Henze, Inspector of 
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Agriculture and Teacher at the Agronomic School of Grignon, from 
which I make the following extract :— 

“For twenty years past the advantages attendant on deep cultivation 
have been constantly expatiated upon, and this year the beneficial effects 
of the system are strikingly apparent. In those localities in which the 
sub-soil plough has been judiciously and persistent]y employed for any 
considerable length of time, the crops are now suffering far less from 
the drought than in those districts in which farmers have not resorted 
to it.” 

The words persistently employed in the above quotation convey the idea 
that the land was well pulverized. These opinions of practical farmers 
discovered by actual experience, are exactly in accordance with what I 
‘gaid in’my pamphlet about capillary attraction. I arrived at my ideas 

fyam experiments carried.on with soils in tubes to see to what height 

moisture would rise. I was induced to make these trials by reading 
gome of the works of Liebig. In his letters on modern agriculture, 
talking of the attraction of soils for moisture, Liebig says— 

* With the chemical properties of soils just described, there is asso- 
ciated a physical quality not less remarkable in its nature and influence, 
viz., the power which they possess of attracting moisture from the air 
and condensing it in their pores, &c.” 

Again Liebig saye— 

“ ‘When in a hot summer the surface of the ground is dried, and there 
ig no. replacement of moisture by capillary attraction from their lower 
strata, the powerful attraction of the soil for the vapours of water in 
the air provides the means for supporting vegetation. 

“The vapour of water which is thus condensed by the soil is derived 
from two sources: During the night the temperature of the air falls, the 
tension of its watery vapour becomes less, and then, without the tem- 

perature of the air falling to the dew-point, there follows, through the 
-attraction of the soil, absorption of nioisture (with ammonia and car- 
bonic acid) accompanied by evolution of heat which moderates .the 
cooling of the ground from radiation. In rainless tropical regions par- 
‘ticularly, this phenomenon must be of the most palpable influence, &.” 
(The Italics aremy own). ‘A second source from which the dry soil 
derives by absorption its moisture is presented by the deeper lying moist 
strata. From these a constant distillation of water is taking place 
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towards the surface, accompanied by a corresponding evolution of heat 
in the upper strata on its absorption. By drainage the water, which 
rises by capillary attraction, being placed at a greater depth, the dry 
soil now receives from the lower strata a quantity of moisture in the 
form of vapour, which supplies the wants of plants and at the same 
time raises the temperature of the ground. 

“Tn the above facts we recognize one of the most remarkable natural 
laws—The outermost crust of the earth is destined for the development of 
organic life, and its broken particles are endowed, by the wisest arrange. 
ment, with the power of collecting all the elements of food which are 
essential for the purpose. This power preserves to the productive soil, 
even in apparently the most unfavourable circumstances, the conditions 
of fertility either contained therein or bestowed upon it.” 

From the above quotations from Liebig it is evident, he presupposed 
the existence of water in the sub-soil within a depth of two or three 
feet from the surface, as he says “the water by drainage is placed at a 
greater depth ;”’ and as drains can only carry oft water from above or at 
the same level with themselves, he must have alluded to the depth of 
the drains. 

Liebig’s work above quoted was published in 1859, when the average 
depth of drains was perhaps not more than three feet, if so much. 
Again he presupposed the pulverization of the soil, as he says in the pas- 
sage italicised in the translation “its broken particles are endowed, &c.” 

Having mentioned drainage, and that the drains a few years ago were 
on an average perhaps three feet deep, I will here state that lately 
deeper drains have become the rage in England. These deeper drains 
have succeeded so effectually in carrying the moisture from the land, or 
placing it at such a depth below the surface, that it is now almost beyond 
the reach of the roots of ordinary agricultural crops ; consequently the 
Opinion is gaining ground that sub-sail drainage has been overdone, and 
that irrigation will have to be resorted to, to counteract the evil effects 
of over drainage. This too in lands formerly too wet. Had English 
landed proprietors carefully considered the opinions of Liebig, and 
tested the height to which water would risa in their lands by capillary 
attraction, &c., they might have avoided laying out money in a way 
that, under certain circumstances of soil and climate, cannot be remu- 
nerative, but that causes actual loss. 
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A good test of the necessity or otherwise of subsoil drainage is ob- 
tained by digging pits three or four feet deep in a field; if in these 
pits water accumulates and stagnates, drainage was necessary but not 
otherwise. In England drainage was necessary, because in most fields 
water would accumulate and stagnate in such pits, and drainage having 
been found of use in some lands, it was almost indiscriminately applied 
to all lands, till now people are beginning to think they may have 
drained lands which did not require it. 

The Pioneer, reviewing my pamphlet in its copy of 18th August last, 
said: “ample supplies of water are found at a depth of from ten to 
thirty feet.” I nowhere in my pamphlet stated or even suggested that 
water would rise from such a depth by capillary attraction. The idea 
is preposterous. 

From some experiments I made on rather stiff garden soil last year, 
I found moisture would not readily rise more than about ten inches or 
a foot high, so as to make the aoil perceptibly moist. To what extent 
this rising of the moisture, say one foot high, was due to capillary at- 
traction, and to what extent it was due to the distillation of the vapour 
or in other words, where the moistening of the soil by capillary attrac- 
tion ceased, and the moistening by distillation commenced, it may be 
difficult or impossible to say; but that moisture dues by some means 
rise in soils, is a fact on which we may at once act. 

Supposing we have a field, the soil of which is perceptibly moisten- 
ed by moisture rising one foot, it is not sufficient to stir the soil of 
that field one foot deep, because the moisture rising to the surface 
would be rapidly evaporated, and the rising of the moisture and evapo- 
ration going on continuously, the field would shortly vecome dried up. 

What is required is that the field should be ploughed up » few inches 
deeper, so that we may have a few inches of pulverized soil above the 
perceptibly moist soil, to act as a mulch, and prevent or rather retard 
desiccation. 

Gardeners in England are well aware of the advantages of a mulch 
t.¢, an application of straw, dead leaves, or anything of that dercrip- 
tion, on the surface) as conducive to the retention of moisture in the 
soil. The natives of India also know this, and its practical application 
can be seen anywhere in these provinces. 

The market gardeners (Muraos) nearly always place old thatch, or 
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some ‘similar litter, on the land they plant turmeric in, = retain the. 


siioisture, 
ag farther proofs of the benefits of a. are and in corcoborition-af: 


at Liebig bas said, I produce the followiug ‘examples The ‘igehins 

* parchets (bhoorjees) collect dead leaves a Tael 't6 parol ‘grain: sit: “e 
where the remains of an old heap are left (which is often the dasé}i6" 

_ will be found, even in the driest part of the hot weather, that theta.” 
mains of the leaves are perfectly moist, if we turn over the surface aad 

look at the interior of the heap, and the ground under the heap will be 


oa 


also moist. 
The manure heaps round native villages are composed for the most 


part cf sweepings of the houses and ashes, apparently thoroughly dry. 
materials; still if we dig into one of these unpromising looking manure 
heaps, we find perceptible moisture within perhaps a foot of the surface. 

If these apparently dry ash heaps can abstract moisture from the 
atmosphere (or collect it from any other source) and retain it, why should 
not ordinary arable soils do the same ? ; 

In the quotation I have made from Liebig, he says:—‘This power 
preserves in the productive soil, &.,” making the productiveness of the 
soil a necessary condition. Iam prepared to go a step further than 
Liebig, and ignore this condition. 

In these provinces where a well is dug, it frequently happens that a 
stratum of white silicious sand is met with; this is thrown aside; this 
silicious sand cannot be said to contain any fertilizing matter beyond 
silicic acid ; still this heap of sand will obtain from the air or the under- 
lying soil the necessary elements of fertility including moisture, which 
will be found in the heap, although not a single drop of rain may have 
fallen on it, as is evident from the fact that it will be covered with grass, 
provided the surface is kept open and porous. The whole subject 
hinges on its being porous, which enables the sand to collect and retain 
the elements of fertility. 

I think I have said enough on the subject of deep cultivation and 
Keeping the soil free and open; but before quitting it, I will merely 
mention that the chief arguments in favor of steam cultivation are base 
ed on the grounds of its penetrating deeper, its smashing the pan, and 
consequently better retaining the moisture. 

I will now prove that the excessive heat of the hot weather and the 


IS IRRIGATION NECESSARY IN UPPER INDIA? lit 


witds are simply and entirely manufactured articles, and that irrigation, 
commonly considered an antidote, is one of the main causes of. the 
iwanufacture a 
pil will simply quote.a few ‘pagangon from # book written, T bellona, by. 
wman-of, highiwol cientifie. attainments, Dut as the book: ‘consists of | lage 
one and.aaswors, I feel myself at liberty to slightly alter the wotding, 
‘teensble me to. condense his facts, and to comment on them: whore, 
necessary. 

- Dr. Brewster in hia Guide to Science says :——“ Those substances which 
radiate most, also absorb most heat. 

“ Radiation depends on the roughness of the radiating surface; thus 
if:metal be scratched, its radiating power is increased, becaused the 
heat has more points toescape from. Those things which absorb beat best 
reflect heat worst, &c. If a reflector were spotted, dull or scratched, it 
it would absord beat instead of reflecting it, &c. All bright surfaces and 
light colors are the best reflectors of heat. Rocks and barren lands 
are so co:npact and hard that they can neither absorb nor radiate much 
heat, and (as their temperature varies very little) very little dew distils 
upon them.” 

Again, “cultivated soils (being loose and porous) very freely radiate 
by night the beat which they absorb by day, in consequence of which 
they are muck cooled down, and plentifully condense the vapour of the 
passing air «nto dew.”’ 

Will any person, reading the above which may be very true in many 
eases, and without doubt is, under the ordinary conditions of wnirriga- 
ted cultivated lands, properly treated, seriously assert, after due reflec- 
tion, that the cultivated lands of Upper India are luose and porvus P 
Are they not, on the contrary, particularly where irrigated, made harder, 
smoother, and greater reflectors of heat, and are we not in Upper I ndia, 
living, so to say, in a sort of Dutch oven, or plate-warmer of our own 
manufacture P 

The principal causes of winds are the variations of heat and cold ; 
heat causes the air to expand and it is thus made lighter and ascends. 
Thus the hardened surface soil heats the air that comes in contact with 
it; this ascends, and cooler denser air rushes to the spot from which it 
ascended to preserve an equilibrium, and fills what would otherwise be 
® vacuum. 
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‘ig places to the east are first warmed by solar heat and the héatod ait. 
ee fit gucends from them, the eooler sir from the west, bus whith been ‘foe, 
a ‘iéonger period (i.e. all night) unaffectad by the rays of thé:ann Bewting 
ie surface soil, rushes to supply its place, causing westerly and: fa 
these provinces kot winds frow their coming into contact with the bed 
teflecting surface of the country as it passes over it, = 
His Excellency the Viceroy in a conversation I had the honte of 
having with his Lordship on the 27th April at this station, stated, if I 
remember rightly, that he considered the deserts of Rajpootana and 
Scinde were the causes of the hot winds, and asked how I Erepome to 
set these causes aside. 
With all due deference to His Excellency’s opinion, I beg to state I 
do not consider these deserts can have much influence on the tempera- 
ture of these provinces, or on places lying fifty or even twenty miles to 
the east of them, because heated air must obey a law of nature and 






rise, and being lighter than cald denser air would pass over and not 
displace it, 

Hurrianah, so called from its being a verdant country, lies on the 
east of the deserts—I have not seen it—but it contains the towns of 
Hansi and Hissar, the former place farcous for its cows, which are con- 
sidered better than any others in Upper India, and the latter place 
was, I believe, selected for the Ordnance Cattle Farm, from the fact of 
forage being more plentiful there than anywhere else in Upper India : 
and is not the fact of forage being more plentiful there, the cause of the 
superiority of Hansi cattle ? 

There may be local causes for the better grazing grounds of 
Hurrianah with which I am not acquainted ; but I believe I am corre.t 
in saying that the hot winds from the deserts can have but little effect 
on them. I have not seen the deserts, but I believe they are sandy ; 
if so, the surface must be more loose and porous, and better able to 
absorb heat than hardened irrigated lands: consequently the air pass- 
ing over them should, were there not local causes at work, (operating 
unfavorably) be cooler than the air passing over irrigated lands, 

Somewhere about two-thirds of the area of the N orth- Western 
Provinees are cultivated land ; perhaps one-third of the cultivated land, 
or 22 per cent. of the whole area of these provinces, is annually under 
rain'erops. These rain crops are cut in October or November, and 
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from the time the cropy are out till the following rain in. June. or daly, | 
the, land ig not ploughed. butJefs to consolidate with.every shower of 
rain, &e.  All-soils too become somewhat consolidated and. oaked on 
fhe. surface, during the growth of crops on them. If in the. cold 
weather Wo. pass & decont ‘area, say 100 acres of this description of jod, 
and then pass another on which a cold weather crop is growing, we 
cannot fail to notice the. heat is greater on the soil without a crop: on 
it. The cold weather crops sown in October and November are cut in 
March or April, and as long as they are on the ground the heat is 
moderated by their verdure; as soon, however, as they are cut down, 
we in & few days experience a sudden increase of heat, which is not 
altogether to be attributed to the change of seasons, but rather to the 
increased reflection from the surtace of the soil, 

The heat is greater on the surface of a metalled kunkur road than 
‘on the grass, or even the dried up parade ground it may cross, partly, 
because the parade ground, although trodden and retrodden by troops, 
is still less consolidated than the road, and partly because it is of a 
darker color. (We can darken the color of cultivated lands by using 
manure.) I trust the facts above stated will be sufficient to convince 
His Excellency the Viceroy that heat is generated locally, and that the 
deserts of Scinde and Rajpootanu can have but little effect on the tem- 
perature of Upper Iadia. 

There has been a great deal said and written particularly in late years 
of the effects of forests in producing rain-fall, and also of the effects of 
rain-fall in producing forests; some people holding the opinion that 
forests produce rain-fall, others that rain-fall produces forests. The 
truth most probably is, that forests and rain-fall act and react on one 
another. 

The late Sir W. Denison, in his “Varieties of Viceregal life,’ on page 
849, said, he “ first: attributed the presence of trees to the rain, but is 
now disposed to look upon the jungle as the cause of rain, and not the 
effect of it.” 

I have not his book by me to refer to, and possible I may, in making 
a rough note, have inadvertently made an error, but the passage can be 
found, I think it isin Volume II. Sir W. Denison in the above book 
mentioned, ““Marsh’s book on the Action of Man on Nature.” I believe 
the title of the work referred to is “Physical Geography as modified by 
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Human Action"—~a book, I regret to say, I have not been able to pro- 
cure. Dr. Robert Brown in his Hore Sylvan, or Studies of the Forests, 
&e., of North-West America, on page 34, published as a supplement to 
the Country Gentleman's Magazine, says :— 

“Probably one great reason of the abundant forests on the western 
slopes of the Cascades in the northern portion and on the coast range 
to the south is the abundant rains which visit the sections: and again 
these rains are to great extent due to the condensing power of the 
forests.” 

On pages 34 and 35, he notices Mr. Clements Markham, and Drs. 
Bidie and Cleghorn’s report on desication of parts of India from des- 
truction of forests, that “Its effect in India is to increase surface drain- 
age and cause floods.” 

I showed in my pamphlet how surface drainage and floods could in a 
great measure be prevented by deep ploughing and raising the banks 
round the fields. 

Many people tell me the floods come from the hills, and we cannot 
check them. We have passing through this district two rivers, the Sote 
and the Aril, the waters of which eventually find their way into the 
Ganges, and both these rivers have their sources in the plains, Last 
year a bridge over the former, near Bissowlee, in this district, which was 
only built three or four years ago, at a cost of perhaps Rs. 15,000 or 
20,000, was carried away, and a bridge over the Aril on the road to 
Bareilly as well as a great part of a raised road was also carried away 
by floods. 

Supposing two-thirds of the area, from which the surface drainage 
finds its way into these rivers, to be cultivated land, had precautious 
(such as I suggested) been taken to retain the rain where it fell, it is, 
I think, most probable these bridges would not have been carried away. 

Dr. Brewster says that forests produce cold— 

latly, because they detain and condense the passing clouds ; 

andly, they prevent the access of both wind and sun; 

8rdly, the soil of forests is always covered with long damp grass, 
rotting leaves, and thick bruskwood ; and 

4thly, in every forest there are always many hollows full of stag- 
nent water. 

There is another reason not given by Brewster, which ia the mechani- 
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cal effects of the growth of the roots, which force apart the particles of 
the soil and make it more porous. 

‘This forcing apart of the particles of the soil may be partly due, I 
think, to the leverage caused by the wind on the trees. 

If we omit the last reason given by Brewster, and which may not be 
strictly correct in all cases, there is nothing stated which is not equally 
applicable to cultivated fields, as long-as there ts a@ crop on them. if 
there is a difference, it is merely a difference of degree. 

If land is stirred, as I have suggested, so that there may be a well 
pulverized bed of soil above the height to which the soil is palpably 
moistened by capillary attraction, or distillation of water from below, 
this upper layer of loose well pulverized soil will act as a mulch to the 
moist soil below it, and retain moisture in it more effectually than any 
forest or crop. Dr. Brewster says: “cupillary attraction is the power 
which very minute tubes posseses of causing a liquid to rise in them 
above its level.”’ 

This seems contrary to what I stated in (No. I., P. P. New Series,) page 
4, viz., that “the smaller the particles composing the soil, the less will 
be the power of capillary attraction possessed by it.’ In the sentence, 
however, I mentioned the retentive powers of soil. 

Dr. Brewster may be perfectly right, and I believe he is, talking of 
tubes, simply as tubes, but I think we should be wrong to accept this 
as an absolute rule with regard to soil. 

My reasons for this are— 

IT look on capillary attraction in soils as the power the soils possess 
of containing moisture in the interstices between their minute particles; 
and I consider the retentive power of soils to be the power which they 
possess of retaining moisturé in their very particles and not in the iuter- 
stices between them. 

As we know that the law of gravitation is moderated by that of 
capillary attraction, is it not reasonable to suppose that the law of 
capillary attraction is modified by that of the retentive power of the 
soil? and in fact we find this is the case, as water will rise higher in free 
open soils than in retentive clays. 

Dr. Brewster again says :—" The effects of the heated air become more 
intense when it is in motion, because fresh portions are then continually 
applied to the surface of the body.” 

VOL, I-SECOND SERIES. pr 


By looking at Dr. Brewster’s Dicta on reflection and absorption I was 
led the other day to make some experiments. 

On the 12th April I found at 4 2. m. in a field near my garden which 
had been irrigated twice for the cold weather crop. that the thermome- 
ter stood (held in my hand about two feet above the ground and 
shaded) at 100°. When placed on the surface of the ground also 
shaded it stood 111°, and when a hole was dug, the lower earth ten inches 
or a foot from the surface loosened, and the thermometer covered 
with an inch of the loosened soil it went down in less than ten minutes 
to 82°. 

This was an imperfect experiment, because I could not keep away the 
external heat whilst the soil was being dug and broken up, still i6 

showed a difference of 29° Fahrenheit between the surface and some 
10 inches, or at the most one foot below it. 

I had the hole, which was about two feet in diameter, filled up with 
the soil I had taken out of it, and on the 30th April, at 4. m., I made 
further trials in the same field. 

On the surface of the field, and within three or four yards of wnere 
I had made the hole in the previous experiment, I found the thermomes 
ter shaded stood at 108°, and at about ten inches deep it was 90°. 

This only gave a difference of 18°, much less than in the former 
trial, which I account for from the fact of numbers of men and cattle 
having passed backwards over it, it being directly between the village 
and the threshing iloor, and by their passing and repassing had broken 
up the smooth surface. 

At the same time I tested the surface and also the soil ten inches 
deep of the hole I made and had filled up on the 12th April, and here with- 
in three or four yards of the place where the last experiment was made 
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‘the thermometer shaded but exposed. to external air registered 102° on 
the loosened surface and also 102° ten inches below it. 

In the first case where the surface soil was smooth, I got a difference 
of 29° of heat between the surface soil and soil, say, a foot deep; in 
the second case where the smooth surface had been merely loosened by 
men and cattle walking over it, the difference was reduced to 18°, show- 
ing greater absorbent power from the fact of the smooth surface having 
been imperfectly broken into a slight layer of dust, In the third case 
there was no difference between the heat on the surface and the heat 
ten inches or a foot below the surface. 

On the first occasion, on 12th April, Dr. Eades, the Civil Assistant 
Surgeon of Budaon was with me; and on the second, 30th April, Mr. 
Debnam, an Indigo Planter living in this district, helped me to carry 
out the experiment. 

On the 12th April we had a dry hot west wind, and on the 30th 
April there was hardly any wind, and a few clouds. — 

I think it will be found that when we have had reasonable falls of 
rain in the cold weather, which have enabled the cultivators to dispense 
with artificial irrigation wholly or even partly, the succeeding hot 
weather will be cooler from the fact of there being less reflected heat, 
the surface being less consolidated. 

The present hot season is, I think, a proof of this; during the cold 
weather we had rain several times which enabled the cultivators to 
forego irrigation. 

In my letter to you of 24th December, I stated (quoting Government 
records) that three quarters of the cultivated land of this district is 
unirrigated. If from this small proportion of the area not having 
been consolidated as much as usual, we have a cooler season, what 
results might we not expect if the whole cultivated area wero loose and 
porous. 

I stated in my pamphlet, on pages 14 and 15, that the hot winds might 
be modified and the temperature of the Upper Doab should only be 
about 20° higher than that of Nynee Tal. 

Having last year seen the position of the Observatory at Nynee Tal, 
I am certain I spoke well within the mark, as there are close to it a 
bazar, a metalled road and stony soil, which must make the thermo- 
metrical readings taken there upwards of 5° higher than they should 
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‘be, and I now think I am justified in saying, taking into consideration 
the differences of altitude and latitude, that the stations in Reohilcund 
in the plains should not be more than 15° or 16° hotter what .is now 
registered at Nynee Tal. 

I was told only the other day that the peculiarly mild, hot weather 
we are having this year is owing to the easterly winds. Yes, but what 
are the easterly winds caused by? I hope I have proved satisfactorily 
how the hot west winds are manufactured, and I will now again quote 
Brewster to show how east winds are caused, and that east winds should 
be the normal condition*. I will quote him in this instance word for 
word. The question he puts is -— 

“ Question.—ILow does the rotation of the earth upon its axis affect 
the motion of the air ? 

“ Answer.—In two ways—Firsily.—As the earth moves round its 
axis, the air is left somewhat behind, and, therefore, seems to a body 
carried with the surface of the revolving earth, to be going in a con- 
trary direction. 

“ Secondly.—As the earth revolves, different portions of its surface 
are continually passing under the vertical rays of the sun.” 

I could make many more quotations in corroboration of what I have 
advanced, but this would only be cumulative evidence. 

E have as yet only quoted Dr. Brewster in my favour ; but aa it is pos- 
sible ¥ may by this letter have called attention to his book, I will at 
once quote another paragraph from his book which is dead against me.f 

He says:— 

“Tf the soil did not become erustfy and hard in dry weather, the heat 
and drought would penetrate the soil and kill both seeds and roots.” 

It is evident Dr. Brewster was 1 @ practical farmer, and that he 
knew nothing of the system of hoeing crops originally introduced into 
England by Jethro Tull, and which is now recommended by every 
practical and scientific farmer as one of the best methods of allowing 
moisture to penetrate the soil. 

To cool Upper India and in every way to improve its climate, we 

* Dr. Brewster explains merely how the rotation of the earth on its axis can occasion--~fratly, 
East winds ; secondly, West winds. He does not assert that East winds should be the normal 
condition.—[ ED. ] 


ras 
¢ It accords with Major Corbett’s Experiments (vide p. %%§,) which showed how heat penetrated 
the soll when it had been broken up and pulverised.—(ED). 
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simply require that the soil of every cultivated field should be ploughed 
up immediately a crop is taken from it, and whenever a crust forms on 
the surface it should be broken. This can be done by dragging a 
branch of a tree over the land. 

Any person or persons committing a nuisance can be punished under 
various sections of Penal Code, but the heat of India, which is its 
greatest nuisance, seems to have been omitted from the list of punish- 
able nuisances. 

I think I have shown how it can be abated. 

If I am right [ think it is time that Government should legislate on 
the subject; if Iam wrong, there is not much harm done. All I re- 
quest ia, a thorough ventilation of the opinions I have advanced, and 
that the opinions of the leading scientific men and agriculturists of the 
time may be taken on them. 

Some natives have told me they do not plough up their land after 
taking off their crops, because it would destroy any little grass that 
might otherwise possibly grow on it ; this is a mistake, as we know from 
experience, and can show that the more the land is cultivated after 
a crop is removed, the more grass will spontaneously grow on it. 

Upwards of twenty years ago when I was stationed with my Regiment 
at Shahjehanpore, I said that the natives were very ignorant of the 
science of agriculture; since then I have watched their methods, and 
occasionally jotted down a few notes, and I have not yet discovered 
anything to make me alter my opinion. __ 

In conclusion, I may say that I was induced to take an interest in 
the subject of climatology from a paragraph I saw in a newspaper 
perhaps two years ago, stating that Sir James Simpson, of Edinburgh, 
had expressed an opinion that man would be able by the careful study 
of nature and her laws, to cause great alterations in climate, and 
moderate it to his own requirements. There seemed a missing link in 
the chain which I have tried to discover, and with reference to U pper 
India I believe that by keeping the soil open and porous, we enable it 
to absorb solar heat instead of reflecting it; and also enable it to 
absorb carbonic acid, ammonia, &c., which are wanted for crops, instead 
of allowing these substances to taint the air and make it unhealthy. 

By cooling the air we lessen evaporation, and render the air less 
capable of retaining vapour, consequently more rain and dew would be 
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tion which cannot now be done; consequently, we could’ iinprove ‘the: 
breeds of cattle of all descriptions, by having food for them, white we : 
shave not now. 
' I have spoken of the advantages of breaking up the soil ditectly « a 
erop is reaped, as tending to improve the climate ; as regards its benefits 
to agriculture, I will here mention that an eminent French Chemist, 
‘M. Barral, has calculated that a well made fallow ensures a supply of 
nitrogen equal to a dressing of 2 ewts. of Peruvian guano per acre. 
_ Pernvian guano now sells at about 14 shillings per cwt. 
~ Tenclose herewith a few extracts from the Farmer newspaper and 
Country Gentleman's Magazine, the latter being sort of abridgment of 
the former, which I think bear on the subjects I have written on, and 
corroborate what I have said. 


Exrract rrom “ Farmer’? Newsparer or 107 Aprtit, 1871. 


Report on the effect of the cutting down of Forests on the climate and 
health of Mauritius, by H. Rocrns, Senior Assistant Surgeon, Civil 
Hospital, Port Louis, Mauritius,—Communicated by ALEXANDER 
Bouowan, M.A. 

“To understand rightly the cause and spread of the late epidemic, it 
is necessary to revert to the condition of the colony a few years back. 
When I left Mauritius in 1854, this island was resorted to by invalids 
from India in quest of health ; 1t was popularly known as the “ Pearl ” 
of the Indian Ocean; it might then have been described as one mass 
of verdure. From the highest mountain slopes to the sea-shore, the 
most Juxuriant vegetation was everywhere to be seen, the seasons were 
well marked, the heat of Summer was tempered by abundant rains, 
and the cool season numbered many chilly days. On my return in 
1862, vast tracts of forests had disappeared, and districts before consi-« 
dered unfit for cane cultivation were cleared of tress and converted into 
sugar plantations; even the mountain ridges were dotted with canes, 

_and what were formerly large and rapid rivers had dwindled down to 
muddy streams, which served alike for the ablution of man and beast. 
The consequence of this extensive and indiscriminate denudation of 
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a af deyanss pas & proportionate elevation of temperatiare, . the earth's 
-warinee, formerly apongy and porous, became converted into # hard 
_gpuat, which under the influence of the solar rays split up into numerous 
cracks and crevices, into which, when the rain fell, the waters callected 
and became stagnant ; while over the greater portion of this hardened 
crust, the waters flowed till they reached the most depressed parte, 
and there, on the sea-shore, they accumulated and became stagnant, 
and under the influence of a tropical sun, noxious exhalations were 
given off. As moisture was no longer retained by leaves and branches, 
and as rootlets were no longer present to absorb the water, the sources 
of streams and rivers dried up, and moisture decreased, the temperature 
changed, and with the change in temperature came modification in 
disease. The difference in season is now much less marked, rains are 
scarce, droughts frequent and excessive, thunder is seldom heard, aud 
lightning rarely seen. Vast tracts of land formerly productive are 
now barren and desolate, and districts before noted for salubrity are 
now notoriously unhealthy, and those which, years ago, were remark~- 
able for dampness from excessive rain-fall, have became comparative- 
ly dry Though the average rain-fall has considerably decreased of 
late years, yet when rain comes down, it falls heavily and in torrents, 
and is in turn followed by a period of dryness. The numerous lagoons, 
(or Barachois area of the sea, where salt and fresh waters meet,) the 
marshes and swamps stretching along the seaboard from Black River 
to Grand Bay, which were formerly submerged, are now dried up, and 
their sides exposed to the sun’s rays. Such was the state of things in 
February 1865, when a violent inundation occurred followed by a 
period of complete dryness. Soon after this flood, nnmerous cases of 
' fever of a low type broke out in Port Louis, and among the patients 
brought to the Civil Hospital of this town, I remarked how utterly 
useless were the remedies employed in ordinary febrile cases, and how 
modified the disease became when treated with small doses of quinine. 
As the hot season of 1865-66 (now April) came on, the sides of the 
lagoons, then above water, and acted on by the rays of a tropical sun, 
began: to give off noxious gases, and from the decomposed animal and 
vegetable matters exposed, pestilential evacuations were given off. A 
planter in the district of Black River, whose statement I have no rea- 
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son to doubt, assured me that his men fell down in the field and died a 
few hours after; he himself had a sharp attack of malarial fever in 
January 1866. During the whole of this year the disease gradually 
made its way to Port Louis, and on the 1st January 1867, a well 
marked case of pernicious fever, which rapidly proved fatal, came un- 
der my own observation. About the same time, misery and destitu- 
tion prevailed extensively among the lower orders in consequence of 
the scarcity of food and high price of grain. It was under such con- 
ditions that the pestilence broke out in January 1867 in town, and 
advanced with giant strides to the surrounding districts. 

“Tf to the causes I have enumerated above, viz., denudation of land, 
diminished rain-fall, drought, scarcity of the ordinary staple of con- 
sumption among the poor, we add a population which had doubled in 
in the space of a few years,—an enormous increase, especially among 
the Indian population, noted for its filthy habits; if we consider that 
every suburb was crammed, that the general population even had great- 
ly overgrown the size of the town, that all sanitary arrangements were 
ignored, and the commonest rules of health violated, when carts carry- 
ing the excreta of 80,000 people were allowed to ply, as they do now, 
about the streets in the noonday sun, and putrid exhalations were given 
off at every step ; when we consider that the Black Town or Camp (in- 
habited by Creoles) overlooking Port Louis, was the receptacle of all 
kinds of filth and ordure, washed down into the streets below whenever 
any rain fell, and that not a vestige of sanitary arrangement existed either 
there or in town; that the gutters and streets of the town were the 
recepients of all sorts of filth, and animal and vegetable matters in a 
state of decomposition; that the streams which came down f:om the 
mountains surrounding Port Louis, and which intersect the town, were 
overgrown with weeds, and were in many places merely stagnant pools ; 
that the rivers throughout the island were polluted, and that the water 
in many instances was unfit for human use; that every valley was dot- 
ted with miserable hovels inhab‘ted by Indian squatters, huddled toge- 
ther with pigs and goats, is it to be wondered at that a pestilential 
fever should have broken out on soil so fully prepared for its develop- - 
ment ? Since then it is true the severe lessons of adversity have not 
been altogether lost, some progress in the way of sanitation has been 
made, the town is cleaner, yet much remains to be done; sanitary 
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arrangements are still very defective ; the marshes around Port Louis 
remain undrained ; the new Rouge, a vast expanse of muddy soil, cover- 
ed-at all times by salt water, is still unreclaimed; vast tracts of land 
formerly covered with trees are unplanted ; and the prolonged drought 
we have had warns us that if the felling of forest trees is to go on 
much longer, the sources of our rivers and streams will, at no distant 
day, be dried up altogether, and a pestilence far more dire will breed 
among us. The case is urgent, the laws relating to forests and rivers 
must be amended, sanitary measures must be fully and comprehensive- 
ly carried out, and sanitary laws must be rigidly enforced, the plateaus 
and high lands of the country must be replanted. 

“« Although I am inclined to believe that, in so far as regards its epi- 
demic influences, this fever is in a period of decline, yet I am afraid 
that unless stringent sanitary measures be adopted, it will become en- 
demic in this colony; that during the hot season it will prevail more or 
less, and will disappear during the cool months. As yet few cases have 
been admitted into hospital, but will not the return of the hot weather 
‘be the signal for its appearance among us, although in a modified 
form? Modified though it be, the presence of malaria must, toa certain 
extent, influence the nature and progress of discase in this colony.” 

Are not the results of inattention to the laws of nature, here narrated, 
almost identical with the results of over-irrigation, as stated by Dr. 
Cutcliffe in his report on parts of the Meerut Division ? 

Extremes meet. 


““ Country Gentleman's Magazine.” 
Volume 1, pages 167 and 168. 


 ‘WaTEBING should never be done unless actually required to keep 
up healthy vitality in plants, and when done, it should be thorough go 
as to reach fully further than the extremities of the roots. 

“ Again talking of watering plants. The uninitiated are apt to sup- 
pose that when they have thoroughly wetted the surface, till the water 
is seen running off, they have done all that is required. This is, how- 
ever, & fatal mistake; for even when discharged from the finest water- 
ing pan rose, the water will soon so clog, fill up or puddle the surface, 
that it will run more easily off, than into the soil, although it may not 
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have penetrated more than an inch or two beneath its surface, and will 
consequently be absorbed by evaporation in less than a single day.” 


Volume 1, page 388. 


« Ture longer the land is allowed to be in the same condition, as i is 
left after the corn crop is taken from it, just so much more completely : 
will the weeds be allowed to take possession of the soil.” 0 


Volume 1, page 200. 


* Lawp covered with a rich and productive sward improves in condi« 
tiou more rapidly than that which is covered with a poor and scanty 
vegetation. | 

“To keep the fields well covered with a rich sward then is the best 
receipt for successful farming.” 


Note by CononEn F. H. Runpatu, B.E., Officiating Inspector General 
of Irrigation, dated lst June, 1871. 


I have read Major Corbeti’s pamphlet with much interest, and 
believe that he is correct in many of the advantages which he attributes 
to deep ploughing ; but I cannot altogether acquiesce in his conclusion 
that it can prove a susbtitute for artificial irrigation. I have no pre- 
tensions to a knowledge of either the theory or practice of farming 
beyond that which has come under my own observation in the agricul- 
ture of this country, with the exception of the cultivation of the sugar 

cane, which plant is perhaps nowhere raised with so much cry, atten- 
tion and expense as in the Delta of the Godavery, where the best far- 
mers obtain as much as 5 tons of goor (locally termed jagghery) off an 
acre, and where, when two tons are not obtained, the crop is considered 
a poor one. The soil was there often turned up with the crowbar to a 
depth of 18 inches, highly manured, and pulverized, but invariably 
-highly irrigated. During the time the crop was on the ‘ground it was 
frequently hoed and carefully weeded, and in fact the farming was high, 
the expenses amounting to as much as Rs. 80, while the value of the 
crop raised varied from Es. 250 to 300 per acre. Without irrigation 
or wherever the supply of water was not ample, the yield was very in- 
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ferior. The description of soil in which the cane was grown principally 
was @ rich loam, with a porous substratum, while the rain-fall averaged 
about 86 inches per annum, so that the conditions were as favor- 
‘able as Major Corbett could desire, but yet it is simply a matter of fact 
that artificial irrigation, and abundance of it, was essential for the BuC- 
‘gouafal cultivation of the plant. 

“ ‘Ia retentive black clayey soils where the “ jowar” (holous rorghion) 7 
“was grown, the invariable practice was, immediately after the crops was | 
reaped, to turn up the soil with the crowbar to a depth of from 18. 
inches to 2 feet, the object being to givethe soil a “ wintering,” so as to 
kill the weeds. Jowar is s plant which requires scarcely any moisture 
for its growth, and is never irrigated in that locality, but the ground 
is sometimes moistened before it is ploughed and the seed sown. The 
advantage to be derived from deep ploughing, I have usually heard, 
was that a comparatively virgin soil is reached, and to this is attributed, 
principally the greatly increased weight of produce which is obtained. 
It appears to me moreover that if deep ploughing renders the mois- 
ture in the soil, more accessible to the plant, it must at the same time 
expose it more directly to the effects of the sun’s rays, and so cause the 
subsoil to be more rapidly desiccated. With regard to rice cultivation 
it was notable in the Delta of the Godavery that the valleys between 
the sand ridges near the coast, which before a supply of artificial irn- 
gation was available, yielded but poorly, produced some of the heaviest 
crops in the Delta. In this soil there was of course ample drainage, as 
well as opportunity for capillary attraction, but though crops were 
raised in it in sole dependence on the rains, they were but poor and 
of small value. The fact is that artificial irrigation supplies man- 
ure as well as water, and I have always understood it to be an acknow- 
ledged principle in farming that the more water that can be passed 
through the soil the better, so long as it is not allowed to remain in it. 
The conclusion to be arrived at from the perusal of Major Corbett’s 
pamphlet, coupled with the fact which pass under one’s observation in 
this country, seems to me to be that deep ploughing would doubtless 
effect great improvement in Indian agriculture, but that deep ploughing, 
‘combined with irrigation, will do much more. 


F. H. RB. 
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No. XVI. 
THE DRAINAGE OF CAWNPORE. 


Memoranda on the plan and estimate for the drainage of Cawnpore, by 
Mr. Evwin Cuapwick, ©.B., late Metropolitan Sanitary Commis- 
stoner, and Chief Executive Officer of the first General Board of 
Health. 


Tuas plan of the main drainage works of Cawnpore, as it involves a prin- 
ciple of sewerage which may affect all town drainage works, their effici- 
ency, and the means of paying for them, is of very great importance for 
the whole of India, perhaps as well as for that important city. 

For the consideration of this plan of Cawnpore, it is requisite to revert 
to first general principles of town drainage works, involving two distinct 
systems. For those who have paid little attention to the subject,-an en- 
deavour is made to give concisely results spread over several volumes of 
sanitary reports. 

The general plan is for main sewers, calculated for the removal not 
alone of ordinary rain-falls, but of extraordinary storm waters, from the 
whole surface, covered and uncovered, urban and suburban, of the civic area. 

The scheme has probably been laid out from old text-books on plans 
of old town drainage works, or of those of the forms and sizes mostly 
adopted in London about half a century ago. 

The results of the works on this principle were examined by our Me- 
tropolitan Sanitary Commission in 1848, when it was found that, at 
enormous cost, they extensively detained deposit, and engendered noxious 
decomposition from the excreta intended to be removed. 

Being constructed to receive all storm waters, even of such extraordi- 
nary storms as occur only once in some twenty years, and having only flat 
bottoms or very flat segments, the effect was that the ordinary sewerage 
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‘trom the houses, and often even the ordinary rain-fall on the street surfaces, 
formed during the greater part of the year a very small stream, which 
‘often did not cover the whole of the surface of the large sewer bottom. 
‘The flow of the thin stream spread over the wide surface, was retarded by 
increased friction, deposit was occasioned, and it went on increasing, until 
sewers of the largest size were choked up with deposit. 

Hence it became necessary for men to enter them periodically, and 
remove the deposit by hand labor and cartage. The branch as well as 
the main sewers were also constructed on the scale for the removal of 
storm waters, and deposit 
being occasioned in them, 
they were generally made 
“man-sized,” that men 
might enter and cleanse 
them. The products of 
decomposition of the de- 

posit occasioned in them 
ieee irom give off noxious vapours, 


43 acres of 





Ordinary flow 7 on gered and Which enter the houses 
eae Hit ARS face. through the house drains 


and the strects through 
the gulley shoots, pollute the air breathed by the population and lower 
the general health, and aggravate all other causes of excessive mortality. 

The above cross section shows the general scheme of these sewers, and 
what we found to be the ordinary rate of flow of the house sewage pro- 
per, and what was the greatest height of storm water, and their conse- 
quent excess of construction and cost. 

One improvement was made in the egg-shaped form, chiefly to enable 
the deposit to be removed by flushing with pent up water more easily and 
less expensively than by the hand Jabor and cartage required for the 
cleansing of the flat bottomed sewers of deposit. 

This egg-shaped form, as it concentrates small and intermittent flows 
of water, accumulates less of deposit, than the flat segmented sewers, and 
is less expensive in material and construction. But still they were con- 
stracted of excessive sizes, and did regularly accumulate deposit, which is 
a fundamental default, inasmuch as provision for flushing is, under a good 
system, provided, not for regular cleansing, but only for use to ward off 
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ths consequences of accidental atoppages, which will be rarein goed cane. 
_ The following cross sections display the common conditions even. of: 
these improved sewers and what, mutatis. mutandis, may be expedted:to 
be the common conditions of the large egg-shaped sewers designed for 
Cawnpore. eo One 
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The like errors of form and size attached to the common house drains, 
made usually of brick, with wide flat bottoms, which occasioned deposit. 

Mere reasoning upon the conditions of town sewers as above visi- 
bly displayed, did not 
suffice, and I conse- ' 
quently got trialsmade 
of the flow of sewer 
water in different sized 
channels, to determine 
what sizes, with what 
flow of water, would 
beself-cleansing. The 
annexed cross section 


Co ag is presented as an 
ae, 7 oo example ofthese trials, 
as a RE idea NE Ws of 7 . 
mua n@,fen gtiotsma Inthis sewer, which 
poor eg 


had a flat segmental 
bottom three feet wide, and a sectional area of fifteen feet to receive the 
storm water, and the drainage from one thousand two hundred of the aver- 
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“abi tied homie inthe sndérnpalia the deposit latdutanlated ‘at the rate of 
| ie thousand idabio fect'per month: But a pipe of fifteen inches ix diamge- 
hex, placed along the ‘bottom of this sewer with a somewhat less inclination 
-(one in one hundred and. fifty-three instead of one in one himdred and 
eighteen) was kept by the accelerated flow perfectly clear of deposit. 

The average flow of the sewerage (without rain-fall) was about fifty-one 
gallons per house per diem, and the absolute drainage, apart from: the 
rain water from all the one thousand two hundred houses, would have 
passed through a five-inch tube of not one-third the relative size of the 
minimum sized single house drain which had, up to the time of the inves- 
tigation, and upon advice of professors of architecture, been declared and 
enacted in the Metropolitan Building Act to be necessary for a single house, 
namely, one of not less than nine inches in diameter, 

The instructions set forth— 

“In all cases of drainage by natural streams, important opportunities 
will occur to a competent local surveyor for diminishing the friction, and 
accelerating the discharge of surface water, by straightening and thereby 
shortening the water courscs, as well as by concentrating the flow by the 
construction of properly formed channels.” 

I apprchend that the sanitary disaster, as it appears to me to be, from 
the construction of a large man-sized main sewer at Calcutta will have to 
be remedied by the application of the principle above described which I 
beg to illustrate further. 

It had been accepted as a rule that no sewer would work with a fall of 
less than one in three or four hundred, as might well be the case where 
he sewers were made, as they mostly were, large and wide, But with 
improved adaptations of sizes to the concentration of the ordinary flow, 
outfall sewers have been made self-cleansing, with a fall of little more than 
one in a thousand. Accepting the old practice of Civil Engincers, Cap- 
tain Denison, of the Royal Engineers, (afterwards Sir William Denison 
the Governor of Madras), examined and reported upon the city of Salis- 
bury for the Health of Towns Commission, and gave it up almost in des- 
pair on account of the assumed insufficiency of the only fall apparently 
attainable. But by a better adaptation of the sizes that city has sub- 
sequently been drained effectually with self-cleansing house drains as well 


48'main sewers, and the death rates there have been reduced by more than 
& third. 
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At a late visit to the camp at Aldershot to see the sewerage farm there, 
I was enabled at once to pronounce the drainage of the camp to be false 
in theory and pernicious in result. On being asked why, I ventured to: 
‘say so without having seen the plan of the works. I stated that [ was 
enabled to say so decidedly by thd smell; the smell from the sewerage at 
the outfall was the smell from decomposition, and decomposition denoted 
stagnant deposit, and stagnant deposit denoted bad engineering. You 
may at once and decidedly test all town engineering works by the smell. 
In the instance of that camp, the mistake had been made of making large 
sized 18-inch sewers with the view of taking in extraordinary storm water, 
when 6-inch pipes would have been self-cleansing for all ordinary occa- 


sions. 
* & * ® % * 


It has been the practice of Civil Engineers and Architects to enlarge the 
area of any main pipe in proportion to the sectional area of each junction 
into it, whereas it was found by trial works we got made, that the addi- 
tion of eight junctions, cach of three inches in diameter, into a main line 
of only four inches in diameter, so increased the velocity of the stream 
that the 4-inch pipe carried it away. 

This principle of accelerated velocities with small additional heads of 
water is of great practical importance, as enabling much ordinary rain- 
fall to be admitted from covered surfaces, the roofs of houses, and paved 
streets in to the sewers primurily adapted to remove the sewerage and 
waste water from houses, with which alone in dry weather they should be 
kept sufficiently full to be self-cleansing. 

By careful adaptations of sizes, and in house drainage works getting 
improved falls by draining at the back instead of through she houses to 
the front strects, on a system of combined back drainage works (which 
would appear to present péculiar advantage for Indian cities) it has been 
found that three houses might be drained well at an expense heretofore 
incurred for one. 

The difference of system is displayed in the annexed plans. 

The late Mr. George Stephenson, the celebrated Railway Engineer, 
made an estimate for sewers works for the city of Carlisle, on much the 
game principle as that proposed for Cawnpoor, and apparently as those 
described ag adopted for Calcutta. They were all to be large “ man-sized ” 
sewers, to be entered aad cleansed by hand labor. The estimated ex~- 
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pense was £70,000. The city has since been sewered by Mr. Robert Raw- 
linson, C.B., one of our Inspectors, on correct principles, as laid down by 
the Metropolitan Sanitary Commission and the General Board of Health, 
with self-cleansing sewets, at an expense of about £20,000. 

It must be observed that there are gross interests on the part of contrac- 
tors as well as of Civil Engineers in the profits of works on the larger 
_ seales, which were cut down by the General Board of Health, which there- 
by subjected itself to violent organized hostility, and from these interests, 
which are hardly yet appeased or reconciled to the large economies of the 
new system or by the new work created by it, requiring a change of prac- 
tice. 

In illustration of the principle of concentration, or of the close adaptation 
of channels for drainage to the ordinary dry weather flows of sewerage, I 
quote the following passage from an expository paper of mine on land 
drainage :-— . 

“‘ Near the 1netropolis there are, besides the common ditches, large open 
water-courses, which serve to carry away flood waters. When there are 
no floods, the water in the shallow streams or in threads of water moves 
sluggishly over the uneven bottoms, or it lodges in stagnant pools in these 
ditches, giving off offensive and insalubrious effluvia, for many of these 
ditches are used as outfalls for the drainage of suburban houses, and, with 
the addition of such house drainage, the effluvia becomes at times highly 
noxious, and even fatal. The courses of these open water-courses were 
marked by excessive ravages of the cholera amongst the population 
living near them. 

& * * *% * * 

I do not sce the exact method recommended for the treatment of the 
Cawnpore nullah, but it is stated that ‘‘ its cost alone is estimated at Rs, 
45,000, and it is therefore not likely to be made for some time to come. 
“The Lieutenant Governor does not feel justified in authorizing the 
experditure of large sums of money upon what, after all, might fail of 
success.” 

Just so! With such works and such expense, that has been precisely 
the state of things in England, where, however, it has been thus obviated. 

‘¢ In some cases the course was taken of laying down tubular drains of 
about 18 inches in diameter, below the bed of the natural water-course 
and (leaving openings at intervals for janctions of side drains) covering 
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over the tubular drain. The bed of the stream being re-formed with clay 
and gravel, so as to form a better channel, such extraordinary flood water 
aa will not pass through the pipe beneath is taken on that bed. In this 
mode a better fall is got, the flow and the sweep of the water is accelerated 
and comparative cleanliness and salubrity is obtained at from one-feurth 
to one-eighth the expense which would have been required to have covered 
the culverts of a sufficient capacity for extreme floods. So great is the 
acceleration of the flow through the pipe in the water-courses, that it is 
only on comparatively rare occasions, perhaps two or three times a year, 
that there is any overflow above them, and the surfaces usually present the 
appearance of a dry and narrow road. The cost of the work was from 
28. 6d. to 42, 6d. per foot of run; to have arched over such a stream would 
have cost vastly more. In some cases the foul water of open streams may 
be diverted into neighbouring streams, when no further expense need be 
incurred, except for re-forming the bed of the brook for the conveyance of 
of flood water.” 

The following transverse sections will illustrate the treatment, the 
principle of which, it is submitted, might well be made known in India 
where it would be extensively applicable. 


Ordinary Flow of Water. Flood. 





- 


Scale—15 feet to 1 inch. 


It appears that the area of Cawnpore is about $20 statute acres, and 
that it is proposed to construct sewers to remove half an inch per hour of 
rain when the sewers are half full. Now itis confidently averred that any 
calculations of dimensions and costs of sewers made from such data ought 
not to be adopted. This would be a preparation for 12 inches of rain in 
24 hours; or, if the sewers were to run full, not less than 36 inches of 
rain in the area drained. It is stated that, at Calcutta, the rain-fall is at 
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times a quarter-inch per hour, or six inches per diem. This would be 600 
tons on each acre. The Engineer there says that six inches of rain from 
the surface of Calcutta will be equivalent to a stream of 40 feet wide, eight 
feet deep, and flowing with a velocity of four feet per second. This is 
equal to 427,516,000 gallons per day, or nearly double the dry-weather 
flow of our River Thames at Teddington Lock.* In the way of illustra- 
tive contrast with what is chiefly to be dealt with in town sewerage, the 
waste water, and the matters which it may convey from within habitations, 
it may be mentioned that, when we examined the water supply of London, 
the quantity pumped in was about forty-four millions of gallons daily. 
This, if it had been equally distributed, would have given about 13 cwt., or 
60 pailsful to each house, more than half of which we found was wasted. 
The total supply would have been delivered in a brook nine feet wide and 
three feet deep, running at the rate of three feet per second, or a little 
more than two miles per hour during the 24 hours; and for the removal 
of the same volume of refuse or soil water three sewers of three fect dia- 
meter and with the proper fall would suffice. Ihave not the present 
population of Caloutta, but I conceive that less than one such sewer would 
suffice for the similar removal of the house drainage proper there, and so 
in the proportion of the population and the water supply at Cawnpore. 

It follows from the established principles of town drainage in England, 
that sewers of such capacity as are proposed for India are not required, 


* To display the reflex opinions of profcasional men in London to those of the Engincors of 
Cawnporo and of Ualentta, I would beg to present oa portion of my examination of the late 
Mr. Joseph Gwilt, the author of the Dictionary of Architecture, and at that time the officer of 
one of the Metropolitan District Scwers Commissions :— 

S* Question. It appears that there were, in the whole of the mctropolis, 270,000 houses. Now, 
if each house were to have, at the least, a 9-inch drain, as you, and architects in general, re- 
commend, it appears that the area of the stream to keep them full and flowing would be 1,182 
feet in width by 105 fect in depth )—Answer. Yes. 

**Q. It is estimated that a supply of water for the metropolis, supposing each house to have 
a supply of 125 gallons per diem, or 25 gallons per head, would be given by a circnlar tunnel 
or aqneduct 124 feet in diamoter. Can you prove any addition of rain water, or even of extra- 
ordinary storm water, requiring a system of drainage of a sectional area more that five times 
that of the Thames at Waterloo Bridge at high water, or nearly a thousand times the area of 
the aqueduct that would fnarnish the whole supply of water to the mctropolia?—A. I apprehend 
that in providing drains for a house, you are to provide qggeinst accidents, therefore I should 
say it would be prudent always to have drains larger than necessary, to guard against stop- 
pages. <A stoppage in a emall drain stops up the whole orifice. A stoppage in a large one is 
partial. There may be, most likely, a means of running off in some way or other. 

““@. Do you dispute the fact that a 4-inch drain to a house keeps clearer than a 9-inch, and 
clearer still thadh a 12-inch 7A. I certainly do dispute it.’’ 

The fact, however, was established indiaputably, by trial works and by subsequent extensions 
very soon, in hundreds of thousands of 4nstances under our regulations, 
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even taking in roof water, and, if they were required, it is apprehended 
that very few could be constructed because of the cost. 

In England, rain falls in thunder showers at a rate of one inch in 15 
minutes, or four inches have fallen in one hour. Sewers cannot—proper- 
ly——-be constructed in England or in any country to contain heavy falls of 
rain. Surface water must pass away at and over the surface. This is the 
first fact any Engineer must now master before he designs main sewers for 
towns. 

In London, rain falls at a rate of about two and three inches per hour in 
thunder-storms—at times steadily two inches in 24 hours, The new inter- 
cepting sewers for the metropolis provide only for quarter inch in 24 hours. 

At Alnwick, in Northumberland, the area sewered is upwards of 2,000 
acres. The main outlet sewer is 18 inches diameter, with a fall of one in 
400. There have been falls of rain in Alnwick since the town was sewered 
which would have filled a tunnel sewer 20 feet diameter. 

This water went (as it had ever passed) over the surface. 

It may be confidently averred from the premises that the arrangement 
proposed for the Cawnpore main sewers ought not to be adopted, and that 
covered sewers in India should not provide for monsoon floods nor for flood 
waters caused by rain at any time. 

One point of experience in England, in driving large and deep tunnel 
sewers, devised on the plan in question, through old urban districts, is, I 
conceive, important to note for India, and that is, that you can hardly ever 
anticipate what sort of old and tall superstructures you may endanger, or 
what sort of loose and difficult strata, heretofore undisturbed, you may 
have to encounter, and, consequently, that with such work you can never 
rely on your estimates. Of this an instance was presented at Westmin- 
ster, not far from the India Office. When I was at the Metropolitan 
Commission of Sewers, I got a plan made for the new sewerage of 
the whole of Westminster proper, with self-cleansing tubular sewers 
16 miles in length, which was to cost about a thousand pounds per mile. 
For the sewerage of the new wide street, Victoria Street, and Parliament 
Street, to beyond Whitchall, two—nine inch if I remember rightly— 
tubular pipes were provided to be laid down one under each foot pavement 
to save the expense of carrying all the drains to one sewer under the dis- 
tant centre of the streets. And these two pipe sewers would have accom- 
plished everything wanted, and endangered nothing. We were compelled, 
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Drainage of Courts, Westminster District. 
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by the pressure of an epidemic visitation, to leave that Commission, and to 
confine our work to the severe duties of the General Board of Health. 
The work of the Metropolitan Sewers Commission was charged upon 
some eminent Civil Engineers, in the reliance that they would follow out 
the new system. But they reverted to the old one, and directed a large 
man-sized tunnel sewer to be constructed for Victoria Street down to White- 
hall Yard, about a mile, at an estimated expense of £14,000. When 
this sewer arrived amidst the old buildings at Whitehall, my friend, the 
Comptroller of the Exchequer, came to me in great alarm at finding the 
walls of his office beginning to crack, and the doors not to shut, from an 
increasing settlement. There was nothing for it but to prop up that and 
other old buildings which suffered serious damage. Midway of the deep 
cutting, however, a very loose slippery sand was encountered, on which it 
was extremely difficult to get a foundation. The total cost of this work 
has been little under £150,000, with the result of a large noxious sewer 
of deposit, which is little else than an extended cesspool. To avoid the 
danger of deep cuttings in old districts, if one pipe sewer near the surface 
does not suffice, it will frequently be safer to have two, even in narrow streets. 
On the more general question, the Engineers should be required to con- 
sider that the purpose is not the mere discharge of the surface rain-fall in 
an acre of land, the greater part of it uncovered by houses or paved surface. 
If the object were the drainage of uncovered lands, it would then, under 
proper treatment, be by drainage through the lands by sub-svil drains, in- 
stead of over the lands or by surface channels merely to convey the surface 
washings by rains, which carry away with them manure as well as the fine 
portions of the soil. By the removal of the rain-fall from uncovered garden 
or agricultural land through sub-soil drains the discharge is largely modi- 
fied, requiring corresponding modifications in the way of reduction of the 
siges of the trunk and tributary channels, The later established doctrine 
of town drainage has been formularized, as “the rain-fall to the river, the 
sewerage to the land,” including, however, in the sewerage, some of the 
ordinary rain~fall on streets and roofs, in which special rain-fall imbibes—in 
_ the soot and dung on roofs and on the streets——often as much good man- 
urial matter as is obtained in the waste water discharge from within the 
houses. Treatment in respect to these covered spaces is, not to provide for 
the overflow of the tails of storms, when the surface washing has been 
pretty complete and the diécharge is chiefly of very clear rain-fall, 
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In other respects, the Engineer should be instructed that the objective 
point in town drainage is the discharge of the waste and foul water from 
within the houses during dry weather, with the addition of any ordinary 
surface washing of the roofs and streets by ordinary, and not extraordi- 
nary rain-fall; and that he should carefully observe what that actually 
is, in fair specimen districts, or in any model district, and adapt his 
channels to that, holding him responsible for the result that every chan- 
nel shall be self-cleansing; and that all stagnancy and all smell from 
decomposition means default on his part. His duty is to ensure that all 
foul or waste water, all excretory matter thereon that can be removed in 
suspension in water,—and no modes of removal are so cheap or so good,—~ 
shall be removed from within houses or the sites of towns before it can enter 
into advanced or noxious stages of decomposition. In this respect, the 
merits of his plan, as before instanced, may really be tested by the smell 
which any civil superior may do. One mode of testing the completo drain- 
age work of a town is this. Some substance, which can be distinguished, 
of the specific gravity of water,—in England a split turnip serves,—is taken 
and pieces are put into one or two of the water-closets at the head of the 
district drained (when all the house drains and service are on), and timed 
when Ict go, and watched for at the outfall, and the time of their arrival 
noted, and the plan judged of accordingly. If the pieces do not arrive, 
there is stoppage and defect somewhcre, which has to be removed at the 
cost of the contractor. 

To illustrate the difference of systems, I may mention that I have in- 
spected the outfalls of the old sewers of the metropolis and of several 
cities in England, and I never saw, feces in form or any paper discharged 
from them. What you saw discharged was a chocolate-colored stream. 
This was overflow matter disintegrated by decomposition whilst detained 
in cesspools, or in drains of deposits, or in sowers of deposit, putrid 
sewage, in fact, which kills fish, On the change of system in towns newly 
sewered with self-cleansing sewers, the people were surprised and disgusted 
at secing the abundant continuous discharge of feeces in form and paper: 
The fresh sewerage feeds fish, and anglers get their best sport at the sewer 
mouths of the newly drained towns, It is now, however, being found that 
a better use may be made of this fresh sewerage than feeding fish with it. 
Its manurial powers are, of course, greater than putrid sewerage, and in 
its fresh application, properly and immediately, before advanced stages of 
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decomposition can set in, it is free from noxious emanation and danger. 
The vegetation produced by it is of extraordinary superior quality, some 
farmers, regarding the profit of the produce, have: called the paper bank 
notes. When successfully applied it will certainly surprise the natives. 

In the towns where the drainage work is according to principle and 
complete, at Bedford, for example, the excretory matter will be on the 
land in less than an hour or two. At Cawnpore, all the manurial matter 
of the morning ought to be on the land, not in mechanical suspension, 
but in chemical combination, before the afternoon; and if actual working 
examples in England be duly examined, it may be seen how this may be 
done. 

But the most full reports with varied illustrations make but little way in 
England without the sight of actual works. On the Metropolitan Com- 
mission of sewers we could only make way with the improved new system 
of combined back self-cleaning house drainage and self-cleaning sewers 
when we had got some blocks of buildings drained upon the system as 
trial works. We allowed several officers to try and show what they could 
do with different blocks. 

We first got well drained the block of buildings comprising the Cloister 
at Westmineter where there had been a severe epidemic, then some blocks 
of buildings in the worst conditioned neighbourhoods, which served to in- 
struct workmen as well as others with the new system. This course is 
suggested as a future expedient for Indian cities. It would be to take 
some available street or a Government block of buildings for the purpose, 
to carry a constant supply of water into them to put in soil-pans, perhaps 
on the Turkish principle, and lay down drains to be made self-cleansing. 
This would serve to familiarise the natives with the work, and enable the 
Engineer to sea the better what was to be done for the general extension 
of the system, and enable contracts to be made when well observed results 
have been obtained. 

It is to be repeated that the house, which is commonly the last thing 
that has hitherto been regarded, ought to be the first to be studied for 
efficient sanitation. In England vast expense has been incurred by driv- 
ing even well formed sewers through strects without regard to house 
junctions or providing for them; excellent tabular pipe sewers have failed 
and have accumulated deposit like the large old brick sewers from only a 
small part of the houses for which they were intended being joined on to 
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them, giving scarcely more of sewerage than sufficed to wet a long line 
afi occasion deposit in consequenec of the disproportionate amount of 
friction. This default of house junctions arose from an administrative 
default of which it is important to be aware,—of requiring poor owners, 
or poor occupiers of poor tenements, to undertake, or to pay the whole 
amount for the entire house drainage works at once,—an immediate outlay 
of four or five pounds at least, instead of doing the work for him at the 
lowest contract prices, and requiring repayment only by equal annual in- 
stalments of principal and interest, say of four shillings a year, payable 
quarterly, for the fresh water supply constantly carried into his house, and 
for the waste water and everything being constantly carried away from it. 
The Engineer, if he does his duty to the Administration, will give a greater 


water service for the house ata lower price than that of the cheapest water 
carrier. 


When the Officiating Chief Engineer of the North-Western Provinces 
states, in his notes on the drainage of Cawnpore, that “this question of 
the drainage and sewerage of towns is confessedly very difficult, indeed it 
is not yet satisfactorily solved anywhere ;”* he must be understood to 
mean that it is very difficult in the present state of knowledge in India, 
that he has seen no reports or instructions there sufficiently elucidating it, 
and that it is not yet solved anywhere in India. That such a statement 
should be made, and the conficts of opinion occur as displayed in the 


* T observe that the dry enrth closet system, that is to say, the system of preparing the sot? and 
taking it to the hottees to reccive the smaller part of house sewerage, é&c., the feeces and the urine, 
in place of taking all the sewerage, soap suds, slops, &c., at once to the land, is favorably regarded 
by some people in India, not only for detached houses, but for contiguous houses and whole districts. 
Independent testimony displays the errors committed in respect to that contrivance. The reporta [ 
have seen are unfavorable. Unless great care be taken, which it never is, it become a nuisance, The 
manurial assimilation with the soll is tmperfect. As much water {a often wanted to cleanse the 
places properly as would serve to work a water-closet, and the whole process ia dearer than a proper 
soll pan or water-closet apparatus. I was recently asked by an officer from the Colonial Department, 
whether I could suggest any remedy for o difficulty that had arisen from the use of the dry earth 
closets in the West Indies, where it had been introduced in some places. The dry earth was found to 
be a convenient neat or feeding place for some fying insects which bit ferociously and painfully, and 
which could not be safely approached uncovered. Could not the earth be prepared in some way ? I 
was asked to make it repulsive to the unpleasant and dangerous intruders. I had no other sugges- 
tion to give than that of drowning them and the nest too, by the application of water, ¢. ¢., by a re- 
course to the water-closet principles. In fact for detached cottages out of the way of any town water 
supply, or any proper system of house drainage, and where the Levitical provision is expedient, the 
heat and cheapest method is the use of a pail containing the waste water and slops of the cottage, 
whioh the cottager should be instructed to remove daily, and ompty into a trench in the garden pre- 
pared for its reception as manure, to be immediately covered over by soil, is the most advantageous 
mantivial and canitary process. You get a larger quantity of manure more readily and completely 
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' papera on the drainage of Cawnpore, shows that the instructions of the’ 
Sanitary Commissioners on this subject are insufficient, and that more 

precise and full information, with varied detailed illustrations, are new re- 
quired, as indeed will be evident from other papers from India. 

I would submit, in this very example of Cawnpore, that it wonld save 
vast waste in useless outlays in India if the latest examples of the solution 
of the difficulty in England were carefully examined and put in form for 
the instruction of officers charged with the planning and execution of 
sanitary works in India. 

The instructional papers which I prepared with the aid of the Special 
Engineering Staff of the General Board of Health for the information of 
local authorities in England, on the drainage of lands and of houses and 
towns, and on the application to agricultural produce of sewerage, and 
which have been accepted as text-books,—are now out of print, and copies 
fetch high prices. I have visited several places where new works, on the 
principles set forth, have been got in complete action to show them to officers 
in the Indian service, On such occasions I have pnt to Engineers, or to in- 
telligent officers in charge of the works, questions to this effect: ‘ Suppose 
these works were to be done over again on your experience of their work~- 
ing, what alterations would you make in any, and what part of them ?” 

Different local engineers have applicd the same principles, with devia- 
tions of their own which I must say have, as respects the scales generally, 
proved to be in error, but such questions do frequently elicit suggestions 
of modifications in details which the practical Engineer would appreciate 
as of great importance. 

I should be most happy to aid any Indian officers in such a work. 
Indian sanitary officers have of themselves visited some of the towns 
where new works have been got into action, but their reports, it may he 
shown, are of Jittle or of inferior value, practical value, from their not 
having distinct preceptions of principle, or the chief objective points of 
attention. 

Economy for sanitary works in India is, I apprehend of greater impor- 
tance for their adoption and extension there, even than the poorer urban 
districts of England. It has proved here very up-hill work to press 
economy for this purpose against ‘brick and mortar interests” and 
professional inertia, and convenience in current practice with common 
ascertained materials and prices in settled price books. 
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The Romans distributed, as Columella states, water into towns and 
houses with earthen pipes under a 100 feet of pressure. 

For the sake of economy, I got some trials made of the strongest earth- 
enware pipes that could be obtained, but it was reported that they did not 
succeed. However, I have learned that in thirty towns in France water 
is distributed in earthen pipes, in instances where it is required at 160 feet 
of pressure, at one half the price there of iron pipes. I submit that, for 
the sake of economy in India, it would be of importance to have those 
examples carefully examined. 

As one means of economy, I also got trials made of concrete for sewers 
and drains, but it was reported that concrete would not answer. I was 
not then sufficiently acquainted with concretes to enable me to judge of the 
sufficiency of the trials, but now it appears that concretes made with Port- 
land cement do answer well for sewers in France, Holland, and Germany, 
where their use is extending. A trial has indeed been made, under the 
Metropolitan Board of Works, of concrete for some sewers ; and the En- 
gineer informs me that he makes supcrior work with it at one-third less 
expense than brick work ; and that it might, indeed, be further cheapened. 
But in the North of France and some parts of Germany, I learn that 
concrete with Portland cement in large proportions of one in three, and 
even of one in two of cement, has been used successfully for the convey- 
ance of water into towns and houses, in one instance, it is stated, under 3 
pressure of 200 feet and with great economy, and with some special 
advantages over other materials. 

How far these means may be made available for India, with economy— 
whether Portland cement, which is now being sent there in increasing 
proportions, may be made there with advantage,—are, I submit, important 
topics, for inquiry. I cannot but believe that the materials, chalk or lime, 
of the right quality, and clay, with fucl, may be found, if sought for, in 
India, and the excessive cost of transport from England avoided. 

It may be confidently anticipated that, by one means or other, the ex- 
pense of sanitary works for the Indian cities may be greatly reduced. 

' With a view of giving some proximate notion, though a wide one, of 
the expense of complete sanitary works executed in England on the new 
system, it may be stated that a constant supply of water, of 100 gallons 
per diem, is carried to the door of every house for about 13d. per week, 
and that the waste water is carried away for about another 4d. per week, 
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whilst the internal works, to be paid for by private improvement rates, 
including the supply waterpipe to the sink, to the soil pan, and the seat, 
and the drains for the discharge of all waste water and the excretory mat~- 
ter from the closet, are defrayed by another penny per week, or a total 
expense of threepence halfpenny per week, or a halfpenny per day to all 
houses, 

The houses of the middle classes or the higher classes, which have 
several closets, will pay in proportion. 

What difference might be made by the different prices of labor and 
materials in India I have no moans of judging. 

I beg to be allowed the opportunity of stating that the general result 
of these rudimentary sanitary works, when got into complete action, is a 
reduction of the common death-rates by about onc-third,—leaving much 
still to do. In that old city of Salisbury which I have mentioned, as hav- 
ing been at first thought a case beyond sanitary cure, the old death-rate 
had been about 40 in 1,000. By better water supply and other works, it 
was reduced to a fluctuating rate of from 26 to 28 in 1,000. But by the 
complete self-cleansing house drains and sewers, the fluctuation is brought 
down to from 15 to 17 per 1,000. The general sanitary data are now so 
far established that a great contractor or contracting company would be 
warranted, and would profit in contracting for results upon payment of the 
existing private and public expenses of insanitary conditions. The data are 
most clearly distinguishable in public institutions. Thus, in an orphan asy- 
lum for boys where the death-rate had been 12 in 1,000, water-closets and 
self-cleansing drainage was introduced, and it was reduced to 8 in 1,000; 
then, by further improved ventilation and by regular application of the 
water supply to complete personal ablution, it was reduced to about three in 
a thousand, the death-rate amongst the children of the same ages outside 
remaining at 10 and 11 per 1,000. Indeed, in one district in half-time 
schools, and orphan schools, the “children’s diseases,” of spontaneous origin 
may be said to be positively banished, and the sickness and death-rates 
are reduced to one-third of those regularly prevalent amongst the children 
of the outside population. Good returns of sickness now denote defaults 
with certainty to those who understand them. There is a sudden outbreak 
of dysentery in a prison. But dysentery is regularly and severely preva- 
lent amongst the outside population, it is first observed in excuse. That 
may be, but it ought not to be in the prison!’ On sending to enquire, it 
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is found out that by reason of some clumsy work, the prison drain had 
leaked into the well which supplied the prisoners. A severe outbreak of 
fever takes place in a women’s lying-in ward ; there must be some default 
with some one? On investigation, it appears that an old stagnant ditch 
a short distance from the ward has been emptied, and that the stupid men 
have spread the putrid contents over the ground on either side, so that 
the noxious evaporation has reached the inmates. We get no such protec- 
tion for privates houses, except common lodging houses. The papers in 
relation to Cawnpore do not enable me to judge in respect to it, but I 
conceive that, as, a rule, complete sanitary works for Indian cities will need 
more that in England a wide basis of sub-soi] drainage and culture of 
suburban and adjacent land. It appears to me that two-storied barracks 
have been somewhat indiscriminately constructed to lift the sleepers in them 
above ground miasma at an expense, which good sub-soil drainage (costing 
in England £5 per acre) would remove. Of sanitary work applicable to 
India, I got Lord de Grey, when he was at the War Office to direct the ex- 
amination of one example presented in Algeria, of which I had been in- 
formed by French sanitary authorities. It was visited and examined by one 
of our former inspectors, Dr. Sutherland, now of the Army Sanitary Com- 
mission; by Mr. Ltubert Ellis, C.B., late President of the Sanitary Com- 
mission of Madras (he who set Masulinatam to rights after it had been 
‘overwhelmed by the cyclone), and by Colonel Ewart, R.E. On a tract of 
somewhat wet land, which it had been deemed necessary to occupy for 
atrategical purposes, the old Indian Army death-rates of 80 in 1,000, and 
more, had prevailed amongst the troops, and the loss was most severe. 
Colonization and culture was attempted, but three sets of colonists were 
cleared away ; the death-rates amongst the children greatly exceeded the 
birth-rates, and succession from the colonists was impossible. But by 
getting a good water supply and good drainage works, and putting the 
habitations in a good sanitary condition, and by the drainage and cultiva- 
tion of the surrounding land, taking sanitary precautions which protected 
the laborers, on opening up the land, and other sanitary attentions, the 
death-rate amongst the soldiers was reduced from the old Indian death - 
rate to below the most recent one (20 in a 1,000) to 12 in 1,000. 
Amongst the civil population the death-rates have been equally reduced ; 
but above all, for settlement, the death-rates amongst the children have 
heen grestly reduced below the birth.rates, and the examiners found on the 


PLATE 





2 


ate 
tetock red te oe 


0 ae ses 
mp gehen wee he petcnasen te 











wala 8 sox 8, soe sntee . wt grt ee ene TE RET ee erences 
ma bebe Cal eet as 
on he “ xe . - ° am tee : 7 = 
ww agover? °F . = oe ie Mtb nee % = al 
- rn ’ 4. FF Bee as . 
ae” Bh « ya Se mo of = / “ ne 
fil -/Z e° 2° 
Pape i: 
we 4 77 AB -4 ky © es 
ef ma “2 a a ane pra — met 
- ats ? 2 “ee ; Dis ; og 
eo 3 ay atta = as . "pe 
ae y Bhs a. ww? > = 
Pity, he Ae xc hd fi) Ws Sy fe art Fi + re tal a 
' N ig Ny 
; N | AWK 
. N 
N 
YN 3 AN 
NN L_ N 
N oS 
NY " : 





~ 


umshs mu buasuvye fps 


V LEM 
ry 


~" uopuey 10 Suna asnoy fo useyshs pyo 2y7 ypin pasothuoo sv 


ag ff svaso youcnnas pal Ty) hulmoys suoTIS IANASROLL Pun Many 


“"SAHYOUINMYO AO SDVNIVUO 


THE DRAINAGE OF CAWNPORE. 148 


the site a crop of ruddy children, as healthy as the average of children in 
France. Mr. Ellis, to whose special Indian sanitary experience and suc- 
cess much weight is to be attached, declared that the principles of the 
Algerian sanitary works were practically applicable to India. 


East Suxen, Surrey, E. C. 


April 4th, 1871, 


Nore.— The remarks of Mr. Chadwick, so far as they criticise the scheme 
Sor the drainage of Cawnpore, appear to be based on a misconception of fact, 
ag the project which is in hand makes, tt is believed, no provision whatever 
for house sewage, but the paper enunciates general principles and gives 
various information, which may be of much practical utility. 
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NOTES ON RETAINING WALLS. 


(Stu Paper). 


en ee RE ee Ae eee i | 


By J. H. BE. Hart, Esq., Ereentive Engineer, Dharwar. 


Practica Drstan anp Constauction.—Theory points out certain con- 
siderations which guide us in practice. 

We sce that the Foundations of Retaining Walls ought to be particu- 
larly secure, and especially so in walls with battering backs; becanse the 
vertical element of the thrust of the material retained adds to the pressure 
of the structure upon its base. 

When the ground on which a wall is to be built is soft, or treacherous, 
it will be prudent to design the profile so that the centre of pressure, or 
resistance, shall coincide with the centre of figure of the base; this is 
effected by making q in the formulm =: 0. Or, at least, care should be 
taken that the maximum pressure shall not exceed the power of the 
strata to resist compression, or displacement. 

In all doubtful cases, the bed on which the foundation courses are to be 
laid should be excavated to such an inclination with the horizon that there 
shall be no danger of the wall slipping bodily forward ; this will be provided 
against by giving the bed an inclination so as to be approximately per- 
pendicular to the direction of the resultant pressure; or, practically, by 
sloping it at right angles to the face batter, if any. 

If the strata be obviously insecure, piling must be resorted to; and 
every possible expedient adopted to drain the bed both in front and rear 
of the masonry. 
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Light materials, such as brick-work, and hollow walls, such as used by 
Rennie at Sheerness, may be adopted in these positions. In ordor to dis- 
tribnte the weight over a greater area, and bring the centre of pressure 
towards the centre of the base, the masonry in the foundations should be 
arranged in steps, the width increasing by a series of off-sets. 

Theory indicates that the bedding of the courses of the masonry should 
incline from the front to rear, it is therefore advisable to batter the face 
of the wall in order that the face angles of the stoncs may be right angles, 
or nearly so. 

All other things bemg equal, the greater the face batter the greater the 
stability ; but practical considerations connected with the use of the wall 
limit this condition, so that a wall has usually a back batter as well as 
one on the face, which should be formed by a series of small off-sets or 
steps in the masonry of the back. These steps support at least the 
weight of all the material which is vertically over them, and the mo- 
ment of this weight tends to increase the stability of the wall. 

If the filling over the steps be hand-packed dry stone, the stability will 
be nearly as great as if the wall were built with a plumb baek of solid 
masonry. 

As the intensity of the pressure is usually greatest towards the faces of 
the wall, it follows that the masonry in these places should be of a 
superior class; hence such combinations as ashlar or block-in-course fac~ 
ing, with rubble, or concrete backing, may be suitable; but ali such com- 
binations should be introduced with cantion, and treated with great care, 
so that no unequal settlement or separation of the facing and backing 
should be likely to occur.* . 

Long headers, and special bond stones, should be plentifully introduced, 
and the work should not be run up too rapidly when such combinations 
are adopted. 

The better class of masonry used in the facing should reach back into 
the work about double the distance of the centre of pressure from the 
face, or at least to such distance that the intensity of the pressure on 
the masonry of the backing, at its junction with the facing, shall not 
exceed the safe limiting resistance of the material used. 

The stability of wall is proportional to the specific gravity of its ma- 
sonry; it, therefore, follows that, where the foundation’s bed is good, heavy 

© See Note to page 95, [First Serier}, 
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stone, such as basalt, limestone, &c., is preferable to light material, such 
as brick. 

In reclining wails, an increased specific gravity: of the masonry, although 
it increases the value of the mean pressure on the base, does not neces~ 
sarily cause a like increase in the maximum pressure; because the greater 
weight reduces the value of the deviation (qx) of the resultant from the 
eentre of the base. : 

Revetments or Retrarsine Watts should invariably be constructed 
with rough backs, so as to increase thereby the friction of the on 
against them as much as possible. 

Weepers, rectangular holes about 2 inches wide, passing through the 
wall from rear to front, should be arranged for, so as to permit the escape 
of any water that might find its way to the back of the wall. One should 
occur in every 8 or 4 square yards of the lower half of the wall face, or 
about one in every 50 running feet of each course, and they should be 
placed so as to alternate with each other, course by course. 

Thorough drainage, secured by these weepers; and the use of a verti- 
cal layer of a permeable material next the masonry at the back of the wall, 
will best maintain the thrust of the earth filling at a minimum. It is 
usual, for this reason, to pack behind the wall, as it is being built up, a 
layer of shivers and refuse stone; and such mass also often helps the 
stability of the wall, by it’s weight resting on the steps of the back batter. 

The angle of repose of the earth filling, and therefore its thrust, is 
reduced by packing it in counter sloping layers. 

The layers should be at right angles to the plane of natural slope 
and of a thickness not much exceeding one foot. 

When the stuff at the back of a wall cannot: be drained, or when it 
partakes of the nature of mud or quicksand, the wall must be designed to 
to resist water pressure, or rather the pressure of a fluid of the density of 
mud and water combined. An economical method of relieving a wall of 
such pressure is to tip behind it a bank of sound material, extending a, 
far back as the angle of repose; or to build a dry stone bank, or walt 
between the masonry and the treacherous material. 

When springs occur behind, or below a wall, they should be carried 
away by piping, or water-tight culverts, and thus got rid of immediately. 

Dams—Docx wWALis—and Weis require special care in aa 
equally with other retaining walls. 
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... Water: mat be effectually excluded from, the strata below. the walls 
#0 as to preclude all danger of their sliding forward, or being blown up. 

. Weire may require a row of sheet piling on the up-stream side. ta pre- 
vent the passage of water beneath them. The foundations of dams are 

‘gametimes connected with the rock on which they are built by large 
stones let aa dowels into the rock and projecting up into the. wall,-but . 
such arrangement appears unnecessary in all except small walls — 
mass is not sufficient to ensure stability by weight. 

When a wall under water pressure stands on a soft material, the cent 
of pressure may be made to coincide with the centre of figure of the base 
by making the wall, in profile, to approximate to that of an isosceles trian- 
gle, whose angles, at the base, equal 35} degrees, or whose base == 1°414 
X the height. 

Unless the co-efficient of friction of such a wall on its bed exceed 0: 25, 
the weight of the masonry must equal at least 145 lbs, per cubic foot, 
otherwise it may slide forwerd.* 

Walls of Dams and Reservoirs are often deprived of the water pressure 
at their backs; it is, therefore, necessary to examine their stability under 
the influence of their own weight alone. ! 

Dock and Sea Walls, although supposed to have to resist earth pressure 
only, should always be made strong enough to bear water pressure, as at 
any time the contingency may occur of an infiltration of water at their 
rear, while the water in front may be withdrawn. 

The pressure of sea water exceeds that of fresh water in the ‘iss of 
1-026 to 1; the weight of a cubic foot of the latter being 62°4 lbs., and of 
the former 64 lbs. 

In Dockea, and other: Hatioun work: and often in Brick Retaining walls, 
the profile adopted is that of a curved batter, with off-sets in steps. (usur 
ally in projections reckoned in half bricks) at the back. 

The radius of curvature is usually three times the height of the wall, and 
the centre of the curve is in the horizontal drawn through the top of the 
wall,.in this case the batter will be 4 the height of the wall, very nearly, 
which is considered to be a good practical ratio. 

. Jt will be snfficiently accurate to calculate for a wall of this section 
‘as if the batter were straight, the effect of the curvature being to add to 
the stability by bringing the centre of gravity farther in towards the back. 


* Rankine’a Applied Mechanios,” Art, 216, 
YOU, L==-SROOND SERIRS, R 
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, She advantage of this section is chiefly to be found in sea and quay walls, 
where its better fitting the shape of vessels is of some importance ;. and in 
its supposed superiority in throwing back the crests of waves; bat beyond 
this, the increase of stability due to the form, and possibly a slightly great- 
er resistance to bulging in the lower courses there is no practical advan- 
tage to be gained by a curved profile. Such a wall cannot act as an arch, 
having only one abutment ; and it is somewhat more difficult to build, and 
consequently more expensive to construct, than a wall with straight batters. 

‘The use of concrete for the interior of walls under water pressure is 
indicated because of their excessive thickness, and because of the greater 
density. and impermeability of well laid concrete.* 

Care should be taken, in settling the proportions of the material for the 
concrete of such works, that the lime shall fully occupy all the interstices 
of the shingle, or sand and metal nsed. 

It would appear that concrete formed of coarse sand or fine gravel would 
be superior in compactness, and prove less porous than if formed of 
coarser material. 

If cement cannot be obtained, at least good hydranlic lime must be 

used for both the mortar and concrete of walls of the above class. 
. .The masonry in the backs of weirs, and also in the backs of reservoir 
walls for a few feet below and above the level of the water line, usually the 
crest of the waste weir, should be of superior construction, as in these parte 
it-may be exposed to the shock of waves and floating bodies. 

The copings of all retaining walls should be formed of good, heavy 
stone laid as headers, and in the case of weirs the crest should be formed of 
large stones, laid with a slope against the stream of about 14 inches to 
the foot, and set, with close joints, in cement; or under certain circum- 
stances dowelled into each other. It will facilitate the discharge of the 
water, and strengthen the work, if the inner edge of the crest be rounded 
off in a semicircular form with a radius of about one-half the breadth of 
the coping. 

Coumrarrorts and Burrrasess.— Counterforts act hy their. weight i in 
increasing the stability of walls; they may be considered to hang on at 
' © Through courses of masonry in dams are to be avoided as forming planes along which leaks aie 
labile to establish themecives; and for this reason, among others, the large French dams-~Farebe 
and Ban—were built of uncoursed rubble, the finest stones being reserved for the facing. Also Also coment 


wad uned in the foundation courses, so as to root és it were the masonry inte the “ redém-ahaped ” 
holtows left by blasting away the smooth surfaces of the rock, 
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the back, and should therefore be well bonded into the wall by long 
headers at their line of junction. Provided that this is attended to, thie 
masonry of the counterfort itself may be of the most economical character. 

‘Hoop iron may be used in forming the bond, and of course should bé 
introduced chiefly in the upper half of the junction. 

The security of the foundations of counterforts is a matter of ele 
consequence, as they should be made to depend for support chiefly on 
their cohesion to the wall. | 

In order that their weight, and its moment, may act with the greatest 
effect, counterforts should not receive any batter at their back; and they 
should be rough, so as to increase the friction of the earth against them as 
youch as possible, 

Long thin counterforts are considered to act advantageously by break- 
ing up the pressure of the earth, and Lieutenant Hope,* conceived that 
s wall might become a mere shell exposed to hardly any pressure, if the 
earth were supported by its friction against the sides of long, but thin, 
and frequent counterforts. 

‘An extension of this principle is the introduction of relieving arches, 
described further on. 

The use of counterforts is specially indicated for military works, when 
their action will be chiefly useful in limiting the destructive effect of pro- 
jectiles to those pannels of the wall actually struck. 

The following are among some of the practical rules given for the di- 
mensions of counterforts :— 

1, Square in plan; of a length about half of the mean thickness of 
the wall; and from 14 to 16 feet apart m the clear, 

2. Volume—one-eighth the mass of the wall; breadth 2 to 4 me 
height = h — 2 ¢; and from 10 to 20 feet apart. 

There is always a saving, although not a very great one, by the intro~- 
duction of counterforts, as may be seen by equating the expression for 
the breadth of a counterforted wall with that of an equivalent aioe 
wall, (equations 20 and 81 of Table VI.) 

Relieving Arches are those turned on the counterforts, as piers, to 
carry the superincumbent filling, the counterforts being of such length 
that the earth scarcely comes into contact with the back of the wall. 

“The wall is thus « mere shell blocking up the faces of the archways. : 


® Pp, P. Corps of Royal Engineers, Vol, VII. ; 
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‘The arches: may be i in one.or more tiers, and their length should be w | 
| Fig.l. Fig. 2. great that the line of ‘naturel 

Section. Back elevation, Slope of the earth, ‘touching 
their intrados at the crown, 
should not ont the line of the 
back of the wall above the 
crown of the extrados of the 
next tier (vide Fig. 1). 

To compute the length, i, 
of a relieving arch and coun- 
terfort on which it stands; 
being given—the clear height, 
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h, of the crown. 
Let d = the depth of the crown of the arch below the surface. — 
@ == the angle of repose of the earth. 
We have,* approximately :— 
= cot 6(4 + THis) 
h = ltan@ — Beene eee 
(1 + sin 6)? 

Buttresses placed in front of a wall increase its leverage; and, as the 
whole mass tends to turn over, round the outer angles of the buttresses, 
the intensity of the pressure thronghout their mass is very great. 

They should, therefore, be constructed of the very best masonry to enable 
them to resist crushing, and their foundations should be designed’so as 
to present the greatest possible incompressibility and resistance. 

The beds of the foundations, as well as of the courses of the masonry, 
should be at right angles to the resultant pressures. 

The form of buttresses in section should be triangular, and their 
junction with the face of the wall should be well secured. 

Buttresses are more economical than counterforts ; but they can be 
used only where there is free space in front of the wall, and where the 
question of land presents no difficulties. . | 

They may be placed at about the same distance apart as counterforte. 

-Lanp Tiss anv Struts have been used to increase artificially the 
stability of retaining walls; their adoption, however, has been chiefly 


* Rankine’s Civil Engineering, 
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forced on the engineer as a sis Neahnaaes measure by the failure of exis~ 
ting structures which have been found insufficiently strong. : 

_ The former act as anchors at the hack of the wall, and consist of iron 
rods, or bolts passing though the wall and attached to the centre of pres- 
sure of plates embedded in the sound earth, and therefore placed well be~ 
yond the plane of natural slope. 

‘The latter act as props, or flying buttresses, leaning against the faoe of 
‘the wall. | 

When intended entirely to resist the sliding of the wall, land ties should 
be fastened to the wall at one-third its height; but if the resistance to 
sliding is to be distributed equally between the ties and the foundations, 
they should be placed at two-thirds the height of the wall above its base ;* 
in this position also they will have greater power to resist the over- 
turning forces. 

It appears, therefore, that if the wall shows a tendency to slide at its 
base, we should adopt the lower position; but, if to lean forward at the 
top, the upper. 

Professor Rankine thus represents the holding power of land ties :— 

Let W, be the weight of a cubic foot of the earth. 

6, the angle of natural slope, or of repose. 

d’, and d, respectively, the depths below the surface of the upper 
and lower edges of the plates. 

R, the holding power ae foot in breadth of plate, then 


_ >= 4 sin @ 
R= W. * cos 20 


and the position of the centre of pressure of the plates, where the tie- 





rods should be attached, is = 
ground. 


Concluding Remarks.—In reviewing the state of our knowledge re- 
garding earth pressure, we are struck with the small amount of practical 
information possessed on the subject, and for this very reason the Student 
is apt to be bewildered by the maze of theories with which mathematicians 
have surrounded the question. 

ft would be a waste of time here to endeavor to lay before the reader 


— d? 
s — Ss » measured from the surface of the 


® Rankine’s Civil Engineering. 


152 NOTES ON RETAINING WALLA, 


a resumé of the several theories,* or to attempt an analysis of them ip 
the hopes of obtaining a more reliable set of formule than those derived 
from the theory given in these papers. The results here arrived at 
accord closely with those of the best authors, such as Prony, phat 
Rankine, and may therefore be assumed to be reliable. 

The writer is, however, of opinion from a few practical experiments he 
has made on the subject, that the theory allows too much and represents 
the overturning force to be greater than naturally exists. It, therefore, 
places us in too favorable a position, yet, as in practice it is impossible to 
obtain the exact conditions of our theory (and if obtained we ‘could: not 
hope to maintain’ them) it will be safer to adopt formuls such ‘as those 
deduced from assumptions which provide several elements of. safety thak 
to attempt to obtain rules based on more exact investigations, or stcloter.. 
data which would probably fail us in practice. - : thc Mas os 

" Practical men may object to be guided by rules grovel GG ue overt. 
basis ; sievertheless, calculations founded on. a reasonable 
_i¢ be admittedly approximate, are of great practical, value,” ‘and the ‘ex 
périenced engineer will prepare more skillful and reliable devigna "hide 
on such, than if he depended merely on empyrical formule, or. ‘rales’ of 
thumb, backed up by no matter how great practical experience. .” 

“Practical experience” in most instances means the application ot tte 

engineer's previous practice, or the adaptation of existing examples,. to a 

case in point ; and, so long as.no great dissimilarity exists between the oon- 

ditions of the examples and its application, the result will be satisfactory, 

But when cases occur out of the beaten track, the merely practical man 
is without a guide, and unless he be able to apply correct principles in 
estimating the effects of changed conditions, his experience is at fault, 
and he may fall into serious mistakes either of defect or excess; the 

soundest judgment will not carry him through, and he will remain mcite 
or less at the mercy of chance. 

If, therefore, it be remembered that the circumstances of walls supper 
ing ‘darth ave too variable and uncertain to be embraced in any “ekact 
mathematical propositions; and that the deductions of theory. must be 
¥xludd, the rather for the assistance they afford in arranging and apply- 
ing facts farnished by “‘ practical experience ;” and if we allow theory and 


ic gee @ Treatine on the Btability of Retaining Walls, By John Murray, C.E orf part—tor 
ah extensive collection of such. 
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practice-to go hand in hand, we are in a position to oer with economy 
and skill on true and sound principles. 

‘When however a Wail retains water, we are entirely removed ‘cua: 
the region of speculation, as the laws of fluid pressures are ety Qa-. 
certained., 

It is to be noted that in the deductions made of the stability of wails 
to resist water pressure, in these papers, the vertical elements of the 
forces acting on the sloping backs of walls have been neglected. The: 
effect of this is not of much practical importance in ordinary bajters. 
compared with the simplicity in the calculations it leads to, while at the 
same time ‘it introduces an element of safety. In walls with vertical: 
backs the vertical forces are nil, and the deductions are atrictly accurate. . 


oo APPENDIX TO NOTES OM RETAINING WALLA. oy 
y Mathematical proof of the general eqaation for the horisontal pres 
phage « bank of Toosa earth, viz., P = W, tan « (S¢e No. 2LYh 
Vol. Z, Fitet Series, page 458). a 
In Fig. ‘la, let ABO’ represent the mass to be retained a ii od 
plane. BO’; it may be supposed to be that which requires. the thaxi- 
muni horizonial resistance to retain it. The mass is held in ‘equilibrium, 
by its weight Ww, the horizontal resistance H, and the reaction of the” 
plane BO’. | | 
The weight is an active force and calls into existence the two latter 
passive forces, which being to it in the relation of effect to cause will not 
increase beyond the least amount capable of balancing it. 
Fig. 1a. Resolving the forces, W, 
c and H in directions along, 
as well as perpendicular to. 
the plane ; and remembering 
that they act in opposite 
direction, we have :—- 
_Force down the Plane = 
ge == Ws sin ¢. 
__ Force up the plane = = 
Waa =H Host, 
oi Forces normal to the re 








Ve + i = W, cos i+ Haine. 
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: hi tency. foapotion down, the plane, is opposed by eal 4p it, 
‘gnd:by the friction developed by the normal forces. 
‘The friction = (W,:008 § +. H sin ¢) tan: °.. Co-¢fficient of feiotion 
ot fx: tan @. 
_ Whence, as there is supposed to be equilibriam :— 
e W, sini = H cost + (W, cos i++ Hainé ) tan @ 
' Multiplying both sides by cos 6; and arranging :— 
’ Hf (cos ¢ cos 6 + sin it sin 6) = W, (sin cos 6 — cos ¢ sin 8); rere 
: Heos (i ~ 0) = Ws sin (¢ — 0); but (§ —- ) =; therefore an 


H= W, coor = W, tame. 


2 cope 
: Q.E.D. 

7 Geometrical construction to find, in a mass of loose eth, the posi- 
tion of the plane of maximum pressure, and value of e° and line g in for- 
mula 2 and 8, in No. XLVI, Vol. I., First Series, page 454. (From 
Mr. Neville’s paper in the transactions of the Institute of C. E. in Ireland). 

Let AB (Fig. 2a) be the back of a wall retaining a bank, ABDO, of 
loose earth, AC the surface of the bank, BC the a of natural slope 
of the earth. 

Draw BE parallel to AC, and OP at right ae to the natural 
| Fig. 2a. slope BC cutting the walt AB 
produced, if necessary. On 
OP describe a semicircle OHP, 
and with P as centre and PH 
radius, describe an are cutting 
OP in I, through I draw BO, 
and from where it cuts AC let 
fall on BC, the nataral slope, 
& perpendicular C’'y. _ 

BOC’ js the plane of maximum 

7 | pressure, CBO’ is «, C’ y is d’ 
<2 the triangle ABC’ and BC’y are equal. | 

‘ TIT, To find the centre of gravity of a trapezoid (Fig. 8a), 

‘The vertical height of the centre of ud of a os wall over 

| oh _ 
the a — an aig (1 — tern) =3 = 3° (At) 

Or by soaks, thus :—— 
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: Let ABOD: be the quadrilateral (not necessarily 4 trapenoid)-- 
Big. 8a, 


Dra tr gon vine . 
one, DB in I.” ee 

Make AE == or. Soin 
I and FE. ; 

The centre of gravity is 
at 2 IE. 

Or, in trapezoid, bisect 
CB in P and AD in O’, and 
join the points of bisection. - 

Centre of gravity will be 
at intersection of IE and 





OP. 
IV. To find the leverage of the weight of a rrranavLaR wall round 
the outer-corner, ©, of the base. Figs. 4a, 5a, 6a, 7a. | 
From the centre of gravity G of the triangle let fall the vertical GQ' 
and bisect the base in O. The leverage is 


OG! = CO & OG = Ft OG, srsstecseierees (0). 


the poritive or negative sign being used acvording as the points.O and @ 
are on opposite sides or the same side of O the centre of the base. 













«<—«@ and the batter, therefore the 
following cases occor :— 


Let fall the vertical AO’, join AO 
Fig. 4a. Fig. 5a. then OG’ : GG’ :: OO’: AO 
| pon rh- eric OG’ : ; 7: O00’: 
i socniep 
i | Bee OG = 66 
HY 
fi But OO’, is the sigebesi dif- 
! | “ ference between half the base 
| 





"4, ( 
: Case I. “When the face 
bien ae 8 batter, rh, is given as in eee 
te eo 4a and 5a, 


~* OO! = rh — =, for positive values of OG’, 
! 5 — rh, for negative values of OG’ 7 






wet Sate ae a ae 


sik’ 

tae fat i 

a) ae BAe oat 

ey ag Ra a “a van 

ae gun moe ute a 
r 


oi fb seamen pe pass oe 


either of which — when removed from tie | 


rh # 3 a 
3” 6 eo > ots 


ot Poe 
an : , 
1 ‘ 
any 
5 . 
moet 
mere 
. . 


4S 


ae 





‘ etrh Oe 
ae CG = —_ > + a — = on 3 O0b00ceds devcesese ’ (0). 
Case Il. When the back batter, r’h, is given, as in Figs. 6a ai ige. 
| Wg. 6a. Fig. 7a. OO = 5 $—rh, tor posi. 
tive values of OG’, 
OO = rh — 2, for né- 
_ gative values of OG’, 
.. in formula (a) + OG 


= +} G-F and — 
OG = —-(F-F 


y Snes — either of which expressions 





‘emoved from brackets becomes = — = A and 


6 
ee CQ’ — 5 +} = — a= — == — rh, eecccocevcecceee (c). 


If gx be the distance from O of the point round which the leverage is 
sought, and if g'a =: OG’ be the distance from O of the vertical through 
the centre of gravity of the wall, the leverage is (¢ = gq’) x, therefore, 


Osel.(gtqge=m(q~d vt Pe ssstipuanvesens’ (d). 
Case IL. (g eg) e = (qe H)e — SE csssesens sessecenel€)s 


Plumb faced and plamb backed walls are instances of Cases I, and II. 
respectively when rh, or r'h = 0, and g’ = 4. 

V. To find the leverage of the weight of a TRAPEZOIDAL wall round the 
pater angle C of base Figs. 8a, 9a, 10a, 114. 


tp eye gt Ve ue Utne ae ioe ‘fe eh nt di we abe Aad Re sf Ce ee ee ee hh, Vis 
a 


hn oa IGRI eel ai an a a 
: oe . oe = Coes ee re ‘ 5 ce a 
nt rea gh nema, 
Fig. 8a.” aco . _ the centre of the | 
Oe, Sar bese, and let. be tha 
breadth of base; 2 
the breadth at top. 


Bisect base and. 
top in O and P, join | 
O and P, the, line 
OP will pass through 
C the centre of gra- 
vity of the trape-" 
zoid, 

Let fall verticals 
PO’ and GG’ on the 





mane then the leverage is 


Ce’ = co + OG’ == DY + OG aicieeesedieessies Cf). 


Fig. He: Fig. ie Also OG’ : GQ: 


OO’ : &, but GQ’ 






tt. 


i. 
* 5 










Gat 
<—e But OO is the 
algebraic difference 
between the half 
breadth of base and 
the sum of the bat- 
ter and the half breadth of top, therefore the following cases occur :— 
Case L Where the face batter is given as in Figs. 8a and 9a, 


OO’ = rh + 5 _ 5 for positive values of OG’ 


a 
fe AGH BO. 
“3 wee? 
nage 
} 


Se ans 





¢ 9G oO ¢ Oo G Oo 


00' = 5 — (rh + 5) for — values of OG! 


+. in formula (/), + OG' = + (+ --i) (2424) and 


On G as 4) Cans 
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“git. of. which se nes removed. from brackets’ heoomes 


ne oo i ae #4 Ot. 
ty GF ~%) () an 
* att —s tte eh mde. t 
08 = ¢ +545 -). Are Ce + 9 ore 
Case IT. wis: the back hatter is given as in a 10@ and ia. ; 











00! = = _ (r rh + 3) for positive values of OG! oe 
| rh + 5 OS = for negative valaes of OG" | 2 
a 4 . J ga. rh. t a 4 2t | 
.*. in formula (a) + OG! = + (= z 3 Ez and 
es a eas Sete eee 
~ OG = et & =) av 7 
“eitherof which expressions out of brackets becomes = _ me aad 
. pie © z+ 2t 22m rh Z @4-2¢ 
oa" G + +5 -F-3 apt =(=3"- ete 


If g and q' be taken to represent values as in the case of ne triangle 
the leverage = (¢ + q') 2, therefore, 
Ose l (gt g)e mg + (F+ +e-G att. 


2¢ 
Oase II. (Qt¢g)e= get (F - 7-3) SEE 


Plamb faced and plumb backed walls are respectively instances of the 
above cases, when rh and r'h = 0, se 
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Table of Earth Pressure against one foot. in length of sloping and verti- 
oad backed walle for following cases :— 

"2. ‘When the surface of the loose earth is horizontal, and level with je 
top of the wall Fig. 14 (No. XLVI, Vol. I, First Series, page 457) calou- 


lated by Formula (9a). Horizontul pressure = P = Wh! x ay 3) 


2. When the surface slopes up from the top of the wall at the angle 
of repose Fig. 12 (No. XLVL, Vol. L, First Series, page 456) caloulated 


by formula (7). Horizontal pressure = P = Wh* x iat ‘ 


2. SURFACE OF BANE SLOPING UP AT 























1. SURFAOR OF Bank HORIZONTAL. ANGLE OF REPORE. 
t Slope of Back of Wall. Blope of Back of Wall. 
° Over-hanging. |Plumb Reolining. Over-hanging. {Plumb Reclining. 
2 f° = es B= ag P= §° = 
g 14° | 10° 7 5° 14° al »” 0 7 5° | 10°) 14° 
or | or | or or or | or 
Sheu Tah Spee 1 inali ing lin ls sis Ente 
2°71 289) 252) °218) °188} °166) °141) +125] °504/°471) 9-438) °397 


Ql 280] 224) -212) -180| °157| -133) -1209-499) 466) 427) “889 
286, °204| -173! -150) +129 -1141-495|°461| 421; ‘388 
SO} '261) 228) -194) °167) -145) 124) +108) °490)°455, +414) °375 


31 -220| +190) -160] -188| -117|-108]-485]-449| -407| °867 
32] -243|-218] 183) -158| +182] -111]-097]-480}-448) -400) “859 
33]. 176] -147| +126] -106| -092)-474|°487| 898) -851 
34]: 169} *141] °122!-101| -087]-468] 480] -386} -348 
35): ‘161| +185] -116] -095| -082|-462| 428] 878] “385 
SE ‘156| °180| -110| -090] 078] 456) 416) 870) “827 
3 149] +124] -105| 087} -073] -449|-409|  -862] *819 
38 144] +119! -101|-088| -069) 488/402} -885| -810 
3¢ -189] +114] -095| -077| 065] 436] "394-871 “802 
40 -182| -108| -091|-074! 061] -428/-887| -889| -298 
4) 127} +104| -086| -069| -058)-421/ 879} -880) “284 
42 +128] -099] -082| -066) 054] +418) °871| 821) -276 
43 117] -094| -078) -062| -051] -405| 868] -813] -267 
v -110| -090| -078| -057| 047] 898) 884; °804) -259 
‘| 48 107} -085| -069] 054] 0441-390! 846| 296] -250 
46 108] 081] 066) 051] 041] 881) -887| 287) “241 


092} °098} -069) 046) 086) ‘864 820) 270) -224 


Rules and Ewamples. To find the horixontal: pressure (acting at 4 the 
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height) against a retsining wall. Multiply the weight of a cubic foot of 
the earth by square of the height of the wall, and by the tabular co~-effi- 
cient for the proper inclination of the surface, angle of repose of the 
earth, and batter of back of wall. 

Ewampie 1. Horizontal pressure of a bank of earth with horizontal 
burface against a wall 10 feet high; weight of cubic foot earth = 100 
Ibs ; ‘angle of repose 40°. 

(a). When back is vertical, P = Wh' x co-efficient = 100 x +108 
== 1,080 lbs. 

(6), When back overhangs 10°, that is to say, batters out towards the 
face 1 in 6; P == Wh X co-efficient = 10,000 x °157 = 1,570 Ibs. 

(c). When back reclines 10°, that is to say batters in towards the 
earth 1 in 6; P = WA’ x cost = 10,000 x °074 == 740. 

Example 2. Horizontal pressure of a bank of earth, surface sloping up 
at angle of repose. Bank of wall overhanging. 

W = 100, h = 10, 0° = 40°, B° = 10° .. P = Wh! x co-efficient 
== 100 X 10* x °887 = 2,870 lbs. 

J. H. E. H. 
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MASONRY IN A TRAP COUNTRY. 


[ Vide Plate X11}. 
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By Horace Brett, Esq., Engineer, Public Works Department, lat 
Division, Indore (State) Railway. 


Ir is not, perhaps, generally known, that the greater portion of Central 
and Western India is covered by an immense overflow of trap, so exten- 
sive, indeed, as to embrace an area of something like 160,000 square miles 
(about the sizo of France). The limits of this overflow are approximately 
shown on the accompanying map. About Zthe of the entire scheme of 
railways under the Great Indian Peninsula Railway Company lies within 
this tract, on which an expenditure of probably not less than £18,000,000 
sterling has been incurred; and two of the new narrow gauge State lines, 
the Indore Railway, and part of the Chanda Coa] Line, will also be con- 
atructed within it, and will cost, perhaps, another 14 million of money. It 
will be borne in mind, also, that within the last 10 or 15 years very large 
sums of money have been spent on roads and buildings by the Public Works 
“Department in the Bombay Presidency, and in the Central Provinces and 
the Berars. I cannot think, therefore, that it will be uninteresting to 
give a brief sketch of the experience I have myself had, and of that of 
others, I have been able to collect, on the important subject of masonry in 
a teap or basalt country, and, if possible, endeavour to affurd some guide for 
thore whose duties may carry them into this part of India, 
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The trap paar is, as may be supposed, totally unlike the great Gange- 
tic plains of Upper India. It is very markedly undulating, is intersected 
by low ranges of hills, often curiously scarped, and (from the slow disinte- 
gration of the. rock,) has but a thin poor soil, except along the edges of 
streams. ‘The watersheds are mostly bare, and covered with thin scrub or 
stunted jungle of“ salai,” “unjun,” and pollard teak. Little difficulty occurs 
in assigning the limits of any catchment basin. The general steep slope of 
the country, the non-absorbent nature of the drainage basins, and occasional 
enormously heavy local rain-falls, produce sudden floods cumbered with 
driftwood from the upland jungles, which give many of the streams 
and rivers quite the character of torrents in the monsoon, It ia, 
therefore, comforting to know, that it is but rarely that there is anxiety 
on the score of foundations. Either hard “mvorum” or rock is found at 
ainall depth below, or in the exposed bed of every stream, and it needs 
but good honest masonry to ensure success in bridge building in this 
part of India. 

It would be difficult to give any general description of the appearance of 
trap, It includes a great variety of different looking and differently va- 
luable rocks of all colors and degrees of hardness. One may see yellow 
trap (Coorla, Bombay,) blue, red, pink, green, gray and spotted (amygda- 
loid,) but I need not say that color is no guide to the engineer in select- 
ing a stone. Neither, indeed, is locality, for one ridge wilhin a square 
mile may yield a stone which will disintegrate almost literally into mud in 
the first monsoon, while another ridge close by may afford a stone such as 
I have seen in some old temples on which the tool marks are clearly seen 
after being built about 1200 years. In effect, the selection of stone for a 
work of any permanence, or, that more particularly has to carry a heavy 
load, is one of the most responsible duties of the engincer in a trap country. 
Generally, the hardest stone may be assumed to be the most durable, 
though this is not always the case, as for instance basalt which has a 
; columnar structure, may come out of a quarry seemingly hard enough for 
any work, but which will be in fragments in perhaps a few months after 
exposure. The prominent feature in trap or basalt is its hardness, and 
what may be called intractability, and it is this that, making it so cruelly 
difficult and expensive to work, tempts both contractor and engineer to 
seek a soft and frequently unreliable stone. With but few exceptions, I 
have noticed, that the cellular and amygdaloidal traps are the most 
VOL. 1=—-SECOND SERIES, 8 
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liable to disintegration, so also are those that have a rusty gray color* 
on fracture. The best, I should consider, to be the blueish green basalt, 
which is very hard and heavy, having a specific gravity abont 3:00, ani 
which rings like a metal on being struck. But, as I have before said, 
there is no reliable guide in color or appearance, and the only safe test is 
the old one of finding out old buildings and quarry faces. Failing these, 
which may not be always found, one must trust to the experience of others, 
or to chance to settle the matter. I may here quote a sentence from 
Philip’s Guide to Geology; he says, “The chemical composition of lava 
is generally such as to give origin to abundance of glassy felspar, or of 
augite with felspar. * * * Basalt is an augitic lava, generally consist- 
ing of about 46 silica, 16:5 alumina, 9 lime, 20 oxide of iron, and 8 or 
4 soda. Trachyte isa felspathic rock. Between trachyte and basalt are 
innumerable varieties depending on the proportions of augite and felspar, 
and on the admixture of Olivine, oxide of iron, hornblende, quartz, and 
many other minerals.” It would be useless here to give the names and 
characters of the very numerous rocks which we may include under the 
term, trap. It is sufficient for us to recognise the fact of the great num- 
ber of different materials to bo found in the trap area, and to be wary 
in using any one that has not established a character already for durabi- 
lity. 

Like all Plutonic rocks, traps, while more or less hard and crystalline, 
are yet brittle enough to be shaped roughly, without much labor with the 
acabbling hammer, but the sides or beds of a stone cannot be worked flat 
or true without using the pick or punch. The result of working a stone 
with the hammer is to produce a shape 
(like the sketch on margin), of a very 
rough square or oblong, with rounded 
beds and faces, and it is clearly not possible 
to make cither neat or strong work with 
such a stone. Flat or parallel bedded 
rubble so often and so easily specified by 
engineers, can but rarely be got in a trap country, and must mean either top 
‘layers of stone, probably that of a thin afterflow, and scarcely reliable, or 
that the stone has been gone over with a tool, either a pick, which, by the 





® From oxide of iron. 
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way, natives have not yet got to use, or the punch (a narrow blunt chisel). 
The scabblinghammer in use by the native masons, Side view of Sootkee. 
is a pecnliar but most effective tovl. It 1s no- 
thing more than a block of iron into which a small 
steel wedge is jammed (see sketch,) and is made 
of various weights according to the size of stone 
to be manipulated. It is called a “sootkee,” the lightest is generally about 
two or three pounds, and the heaviest, for dressing oft heavy block in course 
stones, weighs from 50 to 60 pounds, and is, of course used with End view. 
both hands. With this tool the “ beldars” and “ wuddas” 
produce what they call “kankee,” and “cyeron puthar” or 
“broad seal” and “dog nose” stone with a dangerous facility. 
It is a stone with a fair square or oblong face, tailing off behind 
on bed and sides to something like a point, (see the sketch on margin.) 
This stone is the result of the difficulty before alluded to, of getting a trap 
stone naturally, or flatbedded with the hammer only. This difficulty is 
got rid off simply enough by the native, by sacrificing everything but 
the face. He selects the best face on a stone, and proceeds to knock 
away from it with the “sootkee ” as much as he can without destroying 
the actual length of the stone. He has then a tolerably thin edge on 
the face, which is easily dressed square and true with the same tool. I¢ 
has then a neat enough appearance on the face, and may be taken by the 
unexperienced eye to be coursed rubble, It is clearly utterly worthless, 
the true bed of the stone is but a knife edge, and the real bed is a lot of 
chips and spalls, set perhaps, in doubtful mortar. 

This is the shape of stone commonly in use for native buildings, and in 
any large town they are regularly kept ‘¢ Bread-seal” stone. 
on stock, and sold as ‘* beldar’s stone.” Front view. 
I€ put into walling, the work consists 
of two faces, and a core of chips. Bond 
stones or through headers being diffi- 
cult to get, except by regular and sys- 
tematic quarrying, are seldom used, 
and the masonry is held together entirely by the mortar. It is work of 
‘this class, or closely approaching it, that has been, and indeed is still 
allowed all over this part of India by English Engineers, who should 


know better. Nothing in the shape of masonry can be possibly worse; 
2s 
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‘good. tandom rubble fairly bonded would be infinitely pees and; almost 

-4f"not “quite, as nest looking when tuck-pointed.” gi, viet. + eae 
» ‘But when, 99 is the case, this “bread seal” workdam: wy Nit ps : 

- ‘thé done for neatly the same thoney, and ‘have the = «77 sinha 

et appearance 6f coursed rubble on the face,” the: 
temptation appears too strong to be easily resisted.- 
“It was only the other day that I saw this very class 
of work being put into one of the new public build- 
ings in Bombay. The work was mere face, the i in- 
side and backing being simply rubbish. If, however, this “ bread “peal” " 
work had been permitted in walling only, or in unimportant work gener» 
ally, much harm would not have been done, but on account of its cheap- 
ness and good looks, its use has crept on till the “ eyeron puthar” or some- 
thing very much like it, came to be put into the piers of lofty viaducts, 
and even into the arches of railway bridges. I have seen arching pulled 
down on the G. I. P. Railway, in which the summering or radiation of the 
arch stones of the sheeting was almost entirely produced by spalls and 
mortar, and, in fact, the result of this in some bridges, the arch stones 
actually dropped out at and near the crown. There are, I believe, very 
many road bridges in the Bombay Presidency, in which the arches have 
been designedly constructed of ‘ bread 

seal” stones, put in as in the marginal 

sketch, with the face alternately inside 

and out, This may do fairly well no 

doubt for road work, where the loads 

and vibration are trivial, but where the 

stones are not reversed, and are simply 

put in as in my sketch of walling, it 

would have been better to have turned the arch at once in honest conerete. 

It is quite a marvel how such work has stood so long on the railway, 
where, owing to the settlement of banks, the rail level had got down within 
two feet of the crown of the arch. 

In the original specification of the G. I. P. Railway, this class of. f work, 
although not actually specified, is very nearly so, and has been permitted, 
at all events, to an extent which involves reconstruction, that will cost..« 
million sterling, and that would have nearly ruined a company that.waa 
not deriving its dividend snugly from Government. Under the head of 
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Atgoursed rubble.” : in ‘this specification, it is lsid_ down, that ‘ they, the 
stones, « mnat bé strongly bonded into the rabble backing, | but the beds 
: ‘ond joints. ‘of the stones need not be worked more han is neoowsazy 40 a 
: ‘girp the “pearance of coursed work on the face” ‘of all. bods and joint ee 





Bes italia ére mine, -Could.gnything be nearer the depoription of, b aa 






me ‘aba * Aeon bi i more neatly exprosmsed towarda giving a rascally conttaa~ .. 
"tot-gr a weak engineer a loophole for doing or allowing bad work, Ifcowrand:.: 

work nies anything, it does not mean that the true bed of each ston | 

should be merely a knife-edge resting elsewhere than on spalls and mortar. 7 

“In short, the gigantic failure of masonry work on the G. I. P. Railway 
ia « most instructive lesson, one that it would hardly have been thought 
necessary for trained engineers to have to learn, but the longer one lives, it 
becomes more obvious, how difficult it is to see or combat an error, tha¢ in 
remedying affects somebody’s pocket. It was, I think, Brunel who held 
that we learnt more by failures than success, and who almost appeared to 
court disaster in his bold experimental works, But when, as in this case 
of tho railway, the bill for reconstruction will amount to something near a 
tuillion sterling, it is more than a mere lesson, it is a solemn warning that 
no Government however “financially clastic” or that any Engineer how- 
ever economically inclined can afford to disregard. 

It was in 1867 that the sudden colapse of the great Mhow-ke-Mullee 
viaduct on the Bhore Ghat, drew the attention of the Government, and 
Railway Engineers to the idea of the probability of something being pos- 
sibly very generally wrong in the masonry on the G. I. P. Railway 
and a close and rigorous inspection which was then instituted, showed 
many other equally important, and hundreds of minor masonry works 
to be in a doubtful, if not dangerous condition. Atthe end of the year the 
Directors sent out their Consulting Engincer, Mr. George Berkeley, to re- 
port on the causes of failure, and to suggest such remedial measures as 
would “ place all existing works on the line on a footing of permanent 
durability equal to a first class European Railway.” His report appeared 
in due course, and a most instructive and indeed valuable contribution, 
particularly as regards basalt masonry, to our Indian engineering litera~ 
tare. It might with advantage have been more extensively circulated. He 
a6, Teferring to the general character of the masonry that. “It is un- 
fortunate (a mild term) that this class of work should have been applied 
‘to these structures, but this has evidently arisen from anxiety to secure 
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the economy and rapidity of construction so much desired by poet the 
railway authorities and the Government, and from a belief in its sufficiency 

based upon the substantial character (query, apparently substantial’?) of 
Jarge native buildings which have existed for centuries’ * * * *, to 

which he might have added “but which have not had to carry the heavy 

vibrating loads which railway masonry is constantly subject to.” He says 

however, further on very truly. ‘It was in the highest degree difficult to 

alter in any large measure the confirmed habits of native masons,” and 

that “almost insuperable difficulties presented themselves on some por- 

tions of the line in the way of procuring stone or bricks of a perfectly 

reliable quality.” The various causes of failure put forward by Mr. 

Berkeley may be briefly stated as follows:— 

Inferior stone which has weathered and cracked. 

Bad mortar due to several causes. 

Insufficiency of water used in the works. 

Paucity of headers, or bond in the work. 

Having two classes of masonry in the thickness of a pier or abut- 
ment such as blocking on face, and a rubble hearting, whereby 
in lofty work especially in that carried up or diminishedgby 
“set offs” instead of batter, the load on top rested practically 
on the hearting only. 

Level of rails in arched bridges being too close to crown of arch. 

Desire for economy having led to the reduction of dimensions to 
an unsafe minimum. 

Want of dry filling at back of abutments. 

Absence of bed blocks or timber imposts to deaden vibration or 
distribute load on girder bridges. 

And last, though not least, bad or careless foundations. 

The bad stone, bad mortar, want of bond stones, or use of small stone 
generally are causes of failure that may be put down as being certainly 
peculiar to masonry in a trap country, but there is another cause not 
noticed by Mr. Berkeley which in my opinion is still more so, and greatly 
more widespread although more obscure in its effects. It is that basalt 
being practically a non-absorbent stone, the mortar if not persistently 
moistened dries and “dies” before it has time to set, while on the other 
hand if built quickly into the interior of basalt work, it remains moist 
and unset for a very much longer time than is generally given before the 
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work run over. I give here a small table of some experiments I made 
to de'ermine the absorption of some kinds of trap rock compared with 
other well known materials. 


Table of experiments on absorption of some kinds of trap and basalt 
compared with other material :— 














es | ACTUAL ARSORPTION OF | RELATIVE AMOUNT 
= 6 WATER AFTER HAVING OF WATER ABSORB= 
wea IMMERSED IN GRAINS, ED AFTER, 
Kind of Stone. oS 
26 ee aa arn arrears 
“a & be 
£3 1 hour, 3 hours. lhour. | 3 hours. 
| Fé 
Green black basalt Sandys) 
very hard, .. oe , 2898 10 | No inercase. wou ee 
Light grey, ditto.  ditto,) 1557 11 14* tty th 
Yellow trap Coorla, Bombay, 796 30 | No increase. 37 ee 
Red Amygdaloid Pokurnee, G. | 
. P. Railway, e-{ 1386 99 | do. or ee 


Piece of fair red brick made at : 
| 


Khundwa, oe ee ee 1851 O44 do. $ ee 
Piece of Stock brick, English, 453» 49 73* t 4 
Piece of neat Portland cement 

mortar, ee oe ee 688 122 146* ] 4 





® No further increase. 

TI¢ will be seen that the absorption is so small as to be practically nil. 
The conclusion I arrive at is that as basalt (trap) can neither take up air 
or water in sufficient quantity, that is, can neither take up the excess of 
moisture in the mortar or convey to it the air from which it must derive 
jte quantum of carbonic acid, it is not really safe to construct works 
in this material requiring to be strong, and soon strong, unless with 
really good hydraulic lime or cement, which will contain in itself 
the ability to set even in water. To build in basalt with common lime 
is I consider (without a care which is impossible or impracticable), no 
better than building with good clay. Asa fact I have known mortar to be 
taken out of thick basalt work built for 6 or 7 years, which was still com- 
paratively soft and moist, and which set and gradually hardened after it 
was taken out. It may not be superfluous here to remind readers of what 
is very often overlooked, that there is a great difference between mortar 
merely setting and its ultimate hardening and it is not until it hardens that 
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i¢ becomes so valuable an auxiliary in masonry. Mortar may ‘be of a 
nature, or in 8 position where it will just set, but may either, we may say; 
siever harden or only after so many years as to be partially either vélue~ 
less or even dangerous as a cementing agent. Again it is to be remem- 
bered that for mortar setting and hardening properly requires pressure or 
superincumbent weight, and that in rubble or in bad masonry, the weight 
rests mostly on chips and spales and that perhaps only 30 or 40 per cent 
of the cementing material is really loaded, the rest being merely in contact 
(or partially so) with both adjacent stones. In good coursed rubble or 
block in course work, the mortar in both beds and joints gets a fair pressure 
on it, and correspondingly attains a much greater tenacity or streagth than 
if merely loosely in contact with a stone, as it is in rough rubble or 
quasi coursed rubble masonry. 

Another cause of failure which has more than once occurred to me is 
that the hard glassy not porons surface of basalt permits of but a very 
alight hold on the mortar in contact with it, that in fact it is not unlike 
building with blocks of cast-iron, so that in rough or rubble like work in 
which the bedding and bonding of the stones is not so much looked to ag 
the general solidity of the mass due to the mortar, we should not expect 
the same strength or tenacity of work as we should in similar work of 
sandstone, limestone or rough granite.* In fact if the expense is pro- 
hibitive of regular coursed work in which each stone is fairly bedded and 
bonded with the others adjacent, Iam not sure if it would not be better to 
ignore the stone as a source of strength, and use it merely as a filling; in 
smaller size with really good mortar as a concrete, taking care to have 
such an excess of cementing material or matrix as to avoid the probability 
of such a heavy stone working down, and separating from the morter 
in the ramming. I found from actual experiment that the voids in 
broken basalt from #” to 2” cubes were as 6 to 7 of the actual volume 
of the broken stone indicating that the proportion of mortar or matrix 
to stone should not be less than 1 to 1. 

I made up a concrete for experiment of the following proportions, 


§ parts lime dry. 

4 paris sand, 

1 part soorkee, 

8 parts broken stone 2” cubes.. 


® Sinoe writing this, « friend Informs me that he has heard the same opinion = Bative 
yimbons, Vis., that mortar has very little cohesion to basalt. 
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and tried it.for ramming into boxes or monlda, but found that this propos, . 
tion contained a great deal too much stone for this purpose, that is, for. 
making good clean shaped blocks, although it would have done very well 
for foundations. _ . 
. Mr. Berkeley's allusion to, and condemnation of the bad mortar he saw, 
hits on, as regards a trap country, a more difficult matter to deal with 
than he is perhaps aware of, for the only lime obtainable is from a poor 
sandy kunkur or from equally dirty semi-limestone, buth in small irregu- 
lar deposits. It is, I know, too generally supposed, particularly by those 
whose experience is mainly derived from Upper India, that kunkur lime 
is all good if not hydraulic. That this is quite wrong as respects kunkur 
in a trap country, I have no doubt. I have in fact burnt a material that 
looked in every way a true kunkur, but which when slaked (which it did 
very slowly indeed), turned out to be very little better than a sandy mud. 
Another reason for bad lime, and a result of the radical error of buying 
slaked lime from contractors instead of lime ‘in shell,” is that in a trap 
country the lime deposits are frequently accompanied by deposits in 
pot-boles of a white chalky earth “kullee muttee” which the native con- 
tractor quite naturally freely mixes with the slaked lime, in about equal 
proportions with wood or cowdung ash. But it is not only in this part of 
India that lime is bad. It is I conceive a very wide-spread evil in our 
public works in this country, and unless more attention is paid to it than 
is now done, we shall not escape the ever recurring failures which both on 
‘railway and Government works, have detracted so much from the good repu- 
tation our Engineers have earned on the whole in this great empire. We 
are too ready to buy lime from any man, because it looks like lime, or to 
burn any kunkuor or limestone because it looks like the “ proper thing.” We 
forget too soon after coming out here what care and expense is taken at 
home, even on the most ordinary works, to ensure at all events (whatever 
ite after treatment may be), that the lime shall come from well known 
localities or from manufacturers of experience and repute. With all our 
new roads, railways and canals, we are not even yet advanced enough to 
see the importance of what I may call lime centres, that is places where it 
is known that good lime can be, and will be made. We have positively 
nothing of the kind, save the expensive resource of English Portland 
cement. It is true that hereand there are found good kunkur deposits, 
‘or a good limestone which can produce a good lime, but not only 
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do the quality of deposits even in one bed vary, but the treatment of them 
at the kiln also as we all know. I certainly look forward to the time 
when whether by private speculation or by direct Government agency, 
certain good lime centres will be established in each Province, where 
reliable lime and perhaps hydraulic cement will be always obtainable, and 
from which every Engineer shall be required to get his lime for any work 
of importance or permanence. The system at present of digging a hole any- 
where for lime and burning it or allowing it to be burnt without selection, 
and with but small attention, is one of the very worst and crudest evils in 
our public works in India, and although the plan I urge is apparently. 
more expensive at first, it is more than probable that it would repay. 
itself in the end if not in actual saving of demolition, in the obviating 
the great inconvenience to the public service of the frequent repairs and: 
ejections on their account. 

Another feature of this bad mortar business is that our masonry: is 
put together by men who either cannot or will not see the importance, let 
alone the propriety, (I can find no better words,) of doing honest strong 
work for its own sake. So long as they can “ put a good face on it” 
they are satisfied; bond, bed, and strength are requirements of the 
“‘kahib” which they either do not believe in, or are too lazy to carry out. 
We must, therefore, depend more out here on our lime (for we cannot 
afford an inspector to each masonry work) than need be done at home, 
where we feel more or less certain that the masons will either from habit 
or proper workmanlike feeling use such material as is given them to the 
best advantage, 1 am not here intending to uphold any particular excess 
of virtue in the English petty contractor at home or out here, for I have 
seen empty cement barrcls taken out of a bridge abutment at home, but 
which were nevertheless surrounded by unimpeachable brickwork. The 
mason here did his part well enough. He was provided with fair bricks and 
mortar, and some empty barrels, and did his best with the material provided. 

However to return to our mortar in @ trap country, the lime is as I say 
poor stuif as a rule, and the sand is not much better at least to look at, 
though from some experiments I have lately made to compare its value 
with clean sharp, rather too fine, silicious stuff, I found that if anything it 
gave a better result than the latter. 

Iam inclined to believe notwithstanding that if the mortars had 
been subjected to pressure as in ordinary masonry, that the basalt sand 
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would not have come out so well. This however is a mere surmise, which 
I hope to be able to verify some day. The sand obtainable in a trap 
country is as unlike ones conception of such a material as can well be. 
It consists of almost entirely rounded particles of trap, and a small pro- 
portion of flint nodules, made up “ du reste” with stuff that would rapidly 
become dirt or mud. . 

In concluding this sketch let me offer a few worfls of warning as to 
masonry in @ trap country, or indeed in India generally. It is firstly to 
bear in mind that in building in any material, either in brick or stone, 
the native looks more to face than strength, and trusts to the mortar. 
In brickwork, which is perhaps a more common material in India than 
stone, the bonding of the work is easily done, and without extra 
labor, but in stone work, bond means lifting, dressing, and setting 
a large stone, and this the native mason will shirk if he can. He 
has no pride in the stability of his work, and has to be made to do 
strong work. This cannot of course be obtained without ceaseless in- 
spection and-patience. Secondly— Because of the above described difficulty 
in getting honest work, to be assured and satisfied that the lime is good, 
and the sand clean, and sharp if possible. It may bo dearer apparently to 
burn lime ‘departmentally ’ as it is termed, than to buy it, but there is no 
real saving in buying lime from a contractor. It should be manufactured 
under thorough and intelligent supervision, and be assured that the trif- 
ling extra cost will well repayitsclf. Thirdly, and lastly ; be sure that your 
rate for the work specified is sufficient. There is no greater evil to my 
mind In the Public Works Department, than what I may call theoretical 
rates: rates which were apparently worked to in some former estimate, 
or other part of the country, and which are now forced on you to adhere 
to. There has been more “ bad nim” and loss to Government from the 
radical cause of working or trying to work to impossible rates than any 
other. 


H. B. 
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LIGHT-HOUSES ON THE COAST OF BRITISH BURMA, : 
[ Vide Plates XIL, XIV., XV.] Meee 


Note by Coronet A. Fraser, C.B., B.E. 


Dated 22nd September, 1869. 


Tue lights on the China Buckeer and Eastern Grove are reported to 
have been lighted on the 14th September, 1869. That on the Khrishna 
Shoal was lighted on the 11th June, 1869, but has never till now, to my 
knowledge, been advertised. 

There only remains the light-house on the Oyster Reef to complete 
the system of lighting the coast of British Burma which I conceived to 
be the proper one, and which commenced with the erection of the light- 
house on the Alguada Reef. 

I belicve all evidence tends to show that the system, which is now 
completed, (with the exception of the one light-house on the Oyster 
Reef,) has been successful, that no one can say fairly that any light is 
either in itself inferior to any in the whole world of a like order, that it is 
not in a proper position, or that the buildings were not built as econo- 
mically as the circumstances permitted. 

Six Light-houses; viz., 

The Alguada—Stone. 

The Double Island—Stone. 7 
The Cocos—Plate iron. 

The Khrishna Shoal—On screw piles. 

The China Buckeer—Do. 

. The Eastern Grove—Do. 

havé been ercoted on this coast under my personal direction, A seventh 


en ie 
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Gat 0 on the Oyster: Reef, is now being designed, and the eighth, the 
“we ' Savage” off Akyab, is being remodelled on my suggestion.* 

- Bince December 1859, I have persistently advised the carrying out of 
this system, and the Government of India have invariably supported me. 

I believe there are few (if any) Engineers, who have had such a fortu- 
nate opportunity as myself of carrying out so much of a general plan of 

‘works which have hitherto so notoriously required years and years before 
any scheme could be brought to a head, and which may be said to embrace 
almost all the East side of the Bay of Bengal, and to protect the Calcutta 
and China trade from the dangers of the islands North of the Andamans. 

The time (10 years) within which these operations have been carried 
out may be considered short, especially when the magnitude of the work 
on the Alguada Reef is considered. There are also few Engineers who 
have received such a graceful recognition of their services as was accorded 
to me by the Governor General (Proceedings in the P. W. D., No. 588c., 
dated 12th June, 1865) on the completion of that light-house. 

Carrying out the general scheme has been a work of much anxiety and 
responsibility, and I only trust that the relief to the mariner will be, to 
some extent, proportionate. 

As the question of stone or iron light-houses has created some interest, 
I would here glance at the circumstances and conditions under which the 
several buildings above enumerated were erected. 

The light-house at Akyab is of stone, and was completed in the year 
1844. Itis not known here what its cost was. It was built by Lieutenant 
Riddons, B.E. 

The next in succession was the light-house on the Alguada Reef, and 
it would be difficult to know the precise amount of its cost. Some of the 
Government steamers and vessels employed were charged to it, and some 
were not, while those that were charged to it were also employed on the 
erection of the Cocos and the Double Island light-houses. The cost could 
not have been much under £100,000, and it was commenced in February 
1861 and completed in April 1865, so that it took nearly five years to build 
besides two years of preparation, which, considering the circumstances of 
ite construction, the comparative difficulty of procuring proper labor, and 
the distance it was necessary to go to obtain materials, does not however 
compare unfavorably with other large light-honses of similar type, such 

* Since completed. 
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as the Skerry Vohr and the Bell Rock. It was a large sum to expend 
nevertheless, and with the experience gained, there is no doubt, if might 
now be built for less. This light-house bears a Ist order catadioptric 
holophotal light, revolving once in a minute. | 

The next which was lighted was the Double Island light-house, com- 
menced in 1863 and lighted in December 1865. It bears a 1st order 
dioptric fixed light, is of stone and brick, and cost Rs. 90,838-11-4. 

The Cocos light-house followed, and is an iron plated tower with sepa- 
rate buildings of brick for the light-keepers, it bears a 1st order dioptric 
fixed light, cost Rs. 1,17,916-6-6, was commenced in 1863, and was 
lighted on the 15th February, 1867. 

On consideration of the expenditure in money and time on these light- 
houses, I went closely, when at home in 1865-66, into the subject of a 
cheaper style of light-house, more quickly and more easily erected: and 
also into the question of putting up such light-houses in lieu of light-ships, 
with reference to the saving of cost in erection and maintenance, and the 
comparatively smaller risk to human life; and, as a good opportunity 
offered for testing the conclusions I had arrived at from careful investiga- 
tion, the Government ordered the light-house on the Kbrishna Shoal to 
be put up on screw piles, in deep water; as also those on shore, at the 
China Buckeer and Eastern Grove, from which a clear test of the economy 
of the two latter as compared with one light-ship could be ascertained. 

The piles of the Khrishna Shoal have now been down for two 8. W. 
monsoons, and none of the fears expressed, as regards scour, &c., have 
been verified. It was lighted within 16 months of its having been com- 
menced, is in deep water, and has cost including the light (which is fixed) 
not more than £16,000. Tad circumstances been favorable it might 
easily have been erected in from 6 to 8 months. It is in three fathome of 
water at low water, is exposed to a heavy sea during the 8. W. monsoon 
with a six knot tide running at springs, and an important position for a 
light has been secured in deep water, where, to have attempted any other 
kind of structure, it would have cost ten times'that sum, if it could have 
been done at all. This light-house bears a fixed light of the 2nd order. 

The China Buckeer light-house bears a light of the 1st order, revolving 
once a minute, to which there is no superior in the world, and it is borne by 
a tower on screw piles which, including the light, has cost only Rs. 80,000, 
and has been sct up in about 12 months. 
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The Eastern Grove is lighted by a 3rd order fixed condensing light of 
which also, of its class, there is no superior anywhere in Europe, which is 
borne on a light tower on screw piles, which cost about Rs. 50,000, and 
has been, thuugh not yet finished and taken over from the contractor 
sufficiently completed in about 12 months to be used for the jight. 

In addition to this it will be found that these two light-houses, China 
Buckeer and Eastern Grove, if they answer their purpose as well as the 
lightship (and on this point I annex the opinion of Captain Philbrick the 
Deputy Master Attendant of Calcutta, who happens now to be here, and 
who had an opportunity of observing the lights the sccond night of their 
being lighted, and than whom the Government of India can find no better 
authority), there will be an annual saving as compared with the light- 
ship of about Rs, 12,000 to the Port Fand of Rangoon. 

It is true that I am not altogether satisfied with the Khrishna Shoal 
light-house or with that on the Eastern Grove ; the first has some degree 
of vibration which is owing to the fact of the lower outer piles being ver- 
tical instead of having a batter; and. the latter has not been well put 
together. I think in light-houses of this kind in more expcsed situations, 
such as the Sand-heads or the Oyster Reef, it will be necessary to give 
this batter either by an additional outer row of piles with the necessary 
slope, or by sloping the main piles thomselves. I have not quite made up 
my mind on this point as the difficulty in the latter case is getting first a 
platform in deep water from which to guide the piles down in the proper 
slope, whereas by the first arrangement, the vertical piles give the neccs- 
sary platform, and though the exponse would be somewhat greater, it 
would not be such as to prevent my proposing it if I thought the arrange- 
ment were necessary to stability. 

I have had frequent opportunities myself of observing the effect of a 
high sea on the piles at the Khrishna, and also of hearing the reports of 
others. The piles absolutely create no sea as would a solid structure, and 
the height of the waves under the dwelling is not appreciably greater than 
that of the waves outside the piles. 

It is quite true, however, that these light-houscs in deep water are ex- 
posed to wrecks or shipsbeing driven against them. Risk of danger always 
exists, and therefore it cannot be said there is no danger to any building 
of this kind whether of stone or iron, at sea or on shore. 

For instance, the other morning at the China Buckeer, while the 
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subordinate was in the light-room ‘on the very first night of its being 

lighted, an earthquake took place at 1-45 4. m., whiek. shook all the 

giass-work and made it “ring like bells.” Now. I have. not the slightest 

_floubt, but these pile structures will stand a heavier shovk: of cemauale 
han a masonry building of similar height. 

Again a light-ship is exposed to danger from collisions though not 
from earthquakes, but on the other hand she is exposed to the danger 
of being driven from her position, and she is generally in such a position, 
at all events in these seas, that, if driven from her position, she goes ashore. 
The Government of India have lost four light-ships within the last five 
years with all hands on board. 

It is quite true that I have heard of one light-house on screw piles be- 
ing swept away in one night, but then it was in a position where, in a 
memo. on this subject already submitted to Government, I showed I would 
not put such a light-house. 

Then looking at the difference of risk to human life, six men are nee 
cessary to the charge of a light-house, 30 men are necessary to the charge 
of a light-ship. If the four light-ships which have been lost at the Sand- 
heads had been four light-houses, we should have lost only 24 men against 
120. But, in my mind, one of these light-houses in deep water, even 
under the worst conditions of collision, are not in the least likely to be 
wholly destroyed as the lightships are, and therefore I am very strongly 
of opinion both as regards risk to life, and risk to property, the light- 
ships are very far inferior to light-houses, while the superior efficiency of 
the lights, as shown from light-houses instead of light-ships, is undoubt- 
ed by every one concerned in the controversy. Again the Khrishna Shoal 
light-house costs including establishment, oi], provisions and stores about 
Rs. 850 per month, inclusive of a share of the salary of the light-house 
Inspector, and maintenance of tender, while the maintenance of a first class 
light-ship costs not less than Rs. 2,500, so that supposing the Sand-heads 
for instance were lighted by six light-houses instead of by-six light-ships, 
the saving annually to the Port Fands would be one lakh and eighteen 
thousand rupees, which would in each year pay for about two-thirds of 
one light-house or in 3 years would pay for the construction of two light- 
houses. In the above comparison no mention has been made of the com- 
parative cost of repairs to either description of light, though the wear and 
tear of a light-ship would be of course much greater than of a light-house. 
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I annex herewith a chart of the Bay of Bengal showing the position of 
each light-house above alluded to, with its character of light, and with the 
sailing directions (as issued) printed below. Of each building I have also 
given an elevation showing actual and comparative heights of focal planes 
above High-water mark. 

Also on the same sheet a chart®* on a larger scale of each part of the coast 
affected by the lights. 

This chart is only compiled by me from the regular chart, but it seems 
to me, that it would be very useful (if published) for shipping using this 
ide (the East) of the Bay-of Bengal and the Gulf of Martaban. It might 
be sent to the Secretary of State for this purpose if the Government of 
India thought it desirable. It will be observed. that I have put in the 
Oyster Reef light-house as only proposed, when this has been erected 
this remark, regarding its proposed erection, would in any new edition of 
the chart be left out. 3 

In conclusion, I would observe that in a late report to Government, the 
Chief Commissioner said, that these light-houses barely pay their ex- 
penses. I have a statement from the Accountant General of receipts and 
disbursements last year, 1868-69, and I find that while the net income to 
Imperial revenue for that year was Rs. 8,039, that of the Local funds was 
Rs. 12,716, or a total net income of over Rs. 20,000. This income will be 
gtill further increased now that the light-ship has been removed. 

The above only includes moreover (outside of Burma itself) the collections 
of Calcutta on account of British Burma light-houses ; those of Madras 
Singapore, &c., have yet to be ascertained. As the light-ship was about 
to be removed no repairs were made to her, and no expenditure whatever 
on account of repairs to light-houses, whether Local or Imperial, was in- 
curred in the P. W. D. during 1868-69. 

I do not allude to these favorable returns on light-houses with any 
satisfaction, except in-as-much as it would appear that the Goverament 
desire to make light-honses pay. I believe these small charges act as drags 
on trade, while they are difficult of collection and cause much worry in 
account, and are consequently highly objectionable, 

I believe there should be one tonnage due payable by every ship at every 
port to Imperial revenue, while lights or other port or coast arrangements 
for the safety of vessels should be charged against Imperial revenue, and 
be supervised by Imperial officers. A. F. 


» Here omitted, 
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From—Cart. T. W. Paitsricn, Officiating Deputy Master Attendant, 
Calcutta. To—Lizvr.-Cot. A. Fraser, ©.B., R.E., Br itish a 
Dated, Rangoon 21st September, 1869. 


Sir.—In reply to your letter No. 723-4 O-i, of the 16th instant, I have 
the honor to state for the information of the Chief Commissioner that, 
when passing the Khrishna Shoal light in the Screw Streamer Arabia on 
my passage to Rangoon, I observed that it showed a brilliant and power- 
fal light, but as the light-house had been illuminated for some time it did 
not occur to me to make any accurate observation as to the range of the 
light. Judging, however, from recollection, I should say that it was seen 
fully 15 miles distant. 

With regard to the position of this light-house, the Master Attendant 
of Calcutta has ulready expresscd an opinion to the effect that the site 
chosen for it is the most proper and best calculated to facilitate the safe 
navigation of vessels in that vicinity, and this opinion is entirely in ac- 
cordance with my own views on the subject. 

The Arabia took a Pilot on board near the Khrishna Shoal, and from 
him I learned that the China Buckeer and Eastern Grove light-houses 
were to be illuminated that night (15th instant) for the first time. I 
therefore made it my business to observe accurately the ranges of these 
lights, and to note their character as regards strength and brilliancy. 

We made the China Buckeer light fully 18 miles off, and, after steer- 
ing to the North-Eastward till the light bore N. W., we sighted the East- 
ern Grove light bearing N. N. E. I have not a chart by me with the lights 
marked on it, but if these bearings (which are magnetic) be laid down,* 
the position of the Arabia when the Eastern Grove was sighted will be 
apparent, and roughly calculating, I should say it was between 16 and 18 
miles S. 8. W. from the Eastern Grove light-house. 

Both lights were very brilliant. 

With regard to the position and general arrangement of these two 
lights, I am of opinion that the plan adopted is the best that could possi- 
bly be devised, and that no seaman of ordinary intelligence and using 
proper precaution could possibly make a mistake or run his vessed into 


danger, after having once sighted the China Buckeer light. 
T. W. P. 
® Oaptain Philbrick and myself afterwards laid down these bearings on the chart, and I aurhap- 
py to say it placed the drubia in exact accordance with the calculated range of adit are 
and the position of both lights as shown thereon.—A.F. 
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EXPLANATORY NOTES. 


Alguada Reef Light-house. 


“ A first class revolving Light was exhibited for the first time, from the Alguada 
Reef, in the Bay of Bengal, on the night of the 28rd April 1865, and will continue 
to be shown from that date.”’ 

The light, which is 144 feet above H. W. mark, attains its greatest brilliancy 
once a minute, and is visible in clear weather 20 nautical miles from the poop of 
a large ship. 

Cape Negrais bears from the light-house N. W. 

The Pagoda on Pagoda Point N. ? E. 

Porian Point N. E. by N. 

The centre of Diamond Island N. N. E. 

Vessels approaching the Alguada Reef will still find it necessary to be careful. 
The tides when uninfluenced by the wind, set across the Reef and with a good deal 
of strength between tho Reef and the Phaeton Shoal. Vessels therofore should not 
come under 20 fathoms on the North Western side, as the water shoals suddenly 
on this side, especially towards the S. W. part of the rocks, 

15 Fathoms will be a safe depth to pass in on the Southern and Eastern sides, 

There is a good channcl to the North of the Reef, between it and the Phaeton 
Shoal, but the navigation must always be attended with some risk to those unacquaint- 
ed with it, there being no plain marks that can be specified as a safe and sure guide 
through. Should however circumstances compel a vessel to go through the Northern 
channel it will be well to borrow on the Alguada Reef side passing about half a 
mile distant from the North Easternmost visible rock, and not coming under 11 fa- 
thoms. Should it be high water, the breakers will show the rocks. 

On the Eastern side of the Reef, vessels may know they are clear of danger, by 
keeping the highland of Heingyee (or Negrais Island) well open to the Eastward of 
Diamond Island. 


Double Islund Light-house. 


A light house has been established on Double Island in the Gulf of Martaban—— 
Bay of Bengal. 

The light was first exhibited on the 4th of December 1865, and will continue to be 
shown hence forward nightly from sansct to sunrise. 

The light is a first class fixed dioptric light, and is visible in clear weather about 
‘19 nautical miles from the deck of a large ship. It shows through an angle of 164° 
80’ illuminating the Western horizon, and is cut off on two bearings respectively N. N. 
W. and 8S. 2 E. from the light-house, the former passing one and a half miles clear 
of the Patch buoy off Amherst to the West, and the latter one and a quarter miles 
clear of Callagouk Island also to the West, an isolated beam of light shows from the 
Patch buoy Kestward as far as Amherst Point. Amherst Point bears from the 
light N. $ W. Patch buoy N. by W. § W. Callagouk Island (W. point) 8. by E. 

tT 2 
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Double Island is in Latitude 15° 52’ 80” N. lLongitnde 97° 86’ 80” E. Vessels 
after making the light should endeavour to keep it between the bearings of S. E. 

and N. E. paying particular attention to the state of the tides, as they run on the 
springs about 6 knots an hour parallel with the coast. Vessels standing in too close 
to the land will lose the light altogether, but so long as the light is kept in sight 
they will be in no danger until they are ten miles to the Northward of it, when they. 
will be approaching the Goodwin sands whereon the tides set very strong. The ‘an- 
choring ground in the vicinity ef Double Island is very good, but of course, on ace 
-oount of the strength of the tides, yeasels should avoid as much as possible the tak 


sot anchoring in such deep water, tee 
Cocos Light-house. ee Me cy ae 


A Light-house has been erected on the South West end of Table Island, Cocos 
group, Eastern part of the Bay of Bengal, at an elevation of 118 feet above high 
‘ water mark, a light from which has been exhibited since the 15th Fobruary 1867. 

The light-house is in Latitude 14° 12’ 80” N.. Longitude 93° 17’ 45" HE. 

The building is an Iron Tower, in the form of a frustrum of a cone 77 feet high, 
painted in alternate rings of red and white, (centre of light being 77 feet above the 
base and 195 fect above high water) exhibiting a fixed white dioptric light of the 
first order, which can be scen from a ship’s deck 22 nautical miles in clear weather, 

The only obstructions to the light being visible all round the horizon, are Great 
and Little Cocos Islands, 

The light is invisible with the Great Cocos in line with the light-house bearing 
between the compass points N. by E. and N. by W. 3 W. a little Westerly, the arc of 
invisibility being 25° 55’. The light is also invisible with the Little Cocos in line 
with the light-house bearing between the compass points N. E. by N. 4 N. and N. E. 
4 N. nearly, the arc of invisibility being 7° 5’. 


Coast Light-house on the Krishna Shoal, Gulf of Martaban, in Latitude 15° 86’ 
80° North, Longitude 95° 35’ Last, 


A light-house on screw piles in 3 fathoms at low water, on the South Eastern edge 
of the above shoal, showing a fixed divptric light of the second order. The focal 
plane of the light is 60 feet above high water mark, visible 14 nautical miles. Rise 
and fall of tide 12 feet. H. W. at F. and ©. XII hours. The light is cut off at W. 
S. W. to the Westward, and at N. N. E. to the Eastward, the centre of the light 
being South East. 

It is provided with a Fog Bell which, in foggy weather, will be sounded at inter- 
vals of JU seconds. 

In making the light (the object of which is to enable vessels to round Baragu 
Point so as to avoid the dangers of the Baragu flat and Krishna Shoal) from the 
Westward, a vessel should keep in not less than 7 fathoms of water to the Southward, 
steering Eastward until the light bears North-West and distant from 5 to 10 miles, 
then steering, according to strength and set of the tide, between North-East by North, 
and North-East, 40 miles, to make China Bukeer light-house off the mouth of the 


Rangoon river. 
Vessels from the Northward going South must not get into less than 6 fathoms 
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ef water when standing to the Westward, or bring the light to bear to the Southward 
of S. W. by W. 4 W. 

No vessels should approach within 5 miles of the light-house. 

A vessel bonnd to the Westward may steer in that direction after she has brought 
the light to bear North, distant 5.to 10 miles, taking care to keep in not ed than 7 
fathoms of water. 


Harbour Light-house on China Buokeer, off the entrance of Rangoon river... 


| Hitherto the entrance to the channel of the Rangoon River has been marked by r 
‘Light-ship in 34 fathoms of water. The Light-house is situated on the high land of 
China Backeer, which is generally first made by ships bound to Rangoon, and is about 
$ miles North-East of the mouth of the China Buckeer river. It is built on screw 
piles, and the lower part being against a back ground of dark trees will be painted 
white. It is close to high-water mark, but the sands at low water stretch 6 miles to 
the Eastward of it. Ships must therefore keep well to seaward from it. It beara a 
dioptric light of the first order, the upper and lower cupolas showing a fixed light, 
and the centre drum a revolving light attaining its greatest brilliancy ouce a minute. 
It can be seen 15 nautical miles from the deck or 17 nautical miles from the mast 
head of aship. It is in Latitude 16° 19’ 30°; North Longitude 96° 12’ East, 


Harbour Light-house, near the Eastern grove, off the mmith of the Rangoon 

river. 

This Light-house is also on screw piles, in Latitude 16° 29’ North, and Longitude 
96° 26' 80" East. It will show a light over an are of 60° It will be cut off to the 
Eastward due South; 10° of this angle will show a condensed light, the centre of 
which will pass through the present position of the light-ship or in a direction South 
30° West. This condensed light is visible 16 nautical miles from the deck, or 18 
nautical miles from the mast head of a ship, and the remaining 50° of light 12 miles 
from the deck of a vessel. It is not intended to be a leading light into the river, but 
to prevent vessels, making the land or China Buckcer Jight, from running too far to 
the Westward: 


Sailing dereciions for making the mouth of the Rangoon river. 


Steer so as to make China Buckeer light bearing between N. by BE, and W. by N. 
To avoid the Eastern Sands, a vessel should not go so far North as to bring the light 
to bear to the Southward of West : and to avoid the Western Sands, the Eastern Grove 
light-house must not be brought to bear to the Eastward of N. N. E. 4 E. With 
China Buckeer light bearing West and the Eastern Grove light bearing between N. 
N. E. § E. and North, vessels will be on the Rangoon pilot station, (in the neighhour- 
hood of which pilot vessels are constantly cruising,) and should anchor until day 
light or until a pilot is obtained. 


Sailing directions for approaching Akyab Harbour. 


Steer so as to make the Great Savage light bearing between N. 3 W. and N. B. 
by N., whilst the depth of water is more than 12 fathoms. When in Jeas than 13 
fathoms water, keep the light bearing between N. and N. by E. 4 E. and when in & 
fathoms, anchor, or heave to, for a Pilot. 
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No. XX. 


THE “OMNIMETER.” 
By Mayor G. A. Lavauron, Supdt. Bombay Revenue Survey. 


From India Office to Major Laughton.—Dated 6th August, 1870. 

THe Duke of Argyll is willing to sanction the supply to you for experi- 
mental trial in India of the new instrument for taking linear measure- 
ments, which is considered by Colonel Strange to be worthy of a fair trial, 
and that Officer will be directed to furnish you with one, to take with you 
to Bombay. The payment of the cost of carriage and of the Custom dues 
is also sanctioned. I request that you will submit a report to the Govern- 
ment of Bombay, after trial of the working of this instrument. 


(Signed). Herman Murrvas. 


Fetract of Report for information of Government Bombay. 

The ‘“ Omnimeter” is an instrument which effects several operations, 
viz., it measures vertical and horizontal angles; it determines altitudes, 
and can consequently be used as a level; and, lastly, it measures linear 
distances, whether inclined or horizontal. In fact, with this instrument, 
work combining the use of the chain, level, and theodolite, can be done 
more expeditiously than with the latter instruments at one and the same 
time, and consequently in a great measure supersedes the necessity of 
using them, 

This instrument professes to measure— 

Distances .... secccccce Of 100 feet to within 0°001. 

Sp Nadeeaweesereee »- of 1,000 feet «—«0'050.-. 

99), te eeeeecepecnceces Of 1,000 yards ,, 1 foot. 
Heights at a distance of 800 feet »  0:0005 of a foot. 

- of 1,000 feet »  0°002. 
The principal parts of the “‘ Omnimeter” are— — 3 
(1) A powerful telescope. | on 
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(2) A powerful microscope. ) 

(8) A scale fixed on the horizontal plate and divided, into half- 
millimétres. 

(4) A micrometer screw, turning a circular disc, which is divided into 
500 equal parts, one whole turn of which moves the above 
scale half a millimétre. ; 

(5) A graduated circle for measuring horizontal angles. 

(6) A level to adjust the horizontal plate. 

(7) A second level placed upon the telescope. 

(8) An are for measuring vertical angles-——N.B. The one on this 
instrument is not divided, and consequently is useless for 
the above purpose. 

The instrument is formed by combining a powerful microscope ad, as 

in figure, with a telescope cd, and a micrometer ef, which gives measures 
on a_hori- 


—_— >_> 


a zontal scale, 
ry ; divided in 
half millimé- 
tres, placed 
at AB,as fine 
as0°0000002 
of a métre, 
or 0°0002 of 
a millimétre. 
‘The micros- 
cope ab ia 
perpendi- 
cular to the 
telescope cd, 
and both 
move on the 
same axis O. 
The perpen- 
dicular dis- 
tance from 
the centre of the axis O to, the scale AH can be found to any required 
degree of accuracy; it is a constant quantity in each instrument. The: 





106 THe: OMNIMETER." 


‘pases and the perpendicular of any number of triangles may be taken'by 
the use of the microscope, micrometer, and scale: AB with accuracy, which 
triangles will be similar to corresponding ones taken by the telescope. 
The most important triangle given by the telescope is that formed by 
pposing two lines to pass through the telescope, one to the head and 
the other to the foot of a staff of known length, held perpendicularly 
at a point, the distance of which is required, or held perpendicularly in 
the direction of a required height. 

Accompanying the instrument are two or more staves, of an invariable 
length; those used with this instrament are about 11 feet long, having 
two white lines on a black ground exactly 10 feet apart, and as all the 
measurements are of a decimal character, this length is the best that could 
be adopted. 

The above is the description of the instrument, and of what it pro- 
fesses to be able to perform. It is altogether as portable as any ordinary 
theodolite. I may here state that I am mainly indebted to “ Spon’s 
Dictionary of Engineering” for the description I have given of the 
‘¢ Omnimeter. ” 

I now proceed to show to what degree of accuracy I have been able to 
work with the instrument, 

As the Omnimeter professes to perform five things, as stated in page 185, 
I will take them in the order therein mentioned. 

The arrangements for measuring vertical, and horizontal angles are 
similar to those of an ordinary theodolite, and require no explanation ;. 
the horizontal plate in this instrument is 5} inches in diameter, and is 
divided into divisions of 20’—-the vernier reads to 80”—the vertical arc, 
as stated before, is not divided, and thus one of the principal parts is 
wanting; for without it, the finding of the distance from the axis to the 
surface of the scale fixed on the horizontal plate, as also the “ stationary 
point” of the scale, required for levelling purposes, is a laborious opera- 
tion. 

To determine altitudes.—The staff is placed in a vertical position along- 
vide of the object, the height of which is required. The instrament being 
placed at a short distance away from the object, duly adjusted; a reading 
is taken to the upper line of the staff, and then to the lower line, after 
which the telescope is directed to the top and bottom of the object, the 
eltitude of which is required. 
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-The distance from the object being ascertained, as will be described;’ 
hereafter: the height of the object is obtained by the proportion, thus :—~ 
Y) Let AB = 

the dis- 
tance from. 
the axis to 
the surface 
of the scale, 
CD = the 
difference 
Soles of rea'tings 
between 

top and 
bottom of 
object as 
read off the 
CL NCB scale, AE 

NV.B.—The point A is the axis of the instrument. 
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s= the linear distance between the instrnment and object, LN == the 
difference of readings between top and bottom of staff, and GH = 
the required height of the object ;—then as AB: DC :: AE: GH .* 


GH = a AE, may be put = 1, 10, 100, 1000, and so on, 


and it is evident that the calculation becomes extremely easy, 

In practice the above has been found to be exceedingly accurate; the 
heights of several buildings and portions of buildings in Bombay have 
been taken, and subsequently the same have been measured by a plumb- 
line; both measurements have been found to cvincide almost exactly. 

The manner of levelling consists in determining the lines LN and NB 
on the scale; the first is in proportion to the staff, and the other to the 
height over or under the level of the instrument. The first of these lines 
LN, is found, as before described, by reading the top and bottom lines of 
the staff. The second, NB, by finding out the point B, called the sta- 
tionary point of the scale, which is obtained by the optical axis-line of 
the microscope, when the telescope is brought horizontal by means of the 
level attached-to it; the point B is constant, and serves for all calculations 
in levelling operations. The line NB is thus found to be the difference 
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between the number N, obtained by sighting the staff, and the number of 
the stationary point B. The proportion is then as follows :—( Vide the 
same figure.) 

LN: NB:: LN: NE’, WE = 24X48 

In levelling the “ Omnimeter” has been found to be wonderfully accu- 
rate—quite equal to what, as is shown in Page 185, it professes to be able 
to do. 

The principal tests I have put it to are as follows :—A series of re 
were fixed in a direct line, from 150 to 9C0 feet, at every 50 feet; the 
levels of these were accurately determined by an ordinary level twice over ;- 
_«~this operation of course took considerable time. The Omnimeter. was: | 
then adjusted, and without being moved from that. spot, observations: arene: 
i taken to the top and bottom lines of the staif,-at each point, .a work which. *- 

‘ occupied only a very short time, for, as there are only two well-defined 
lines on the staff, there was not the same hesitation in reading as with an” 
ordinary levelling staff, with which there is an element of guesswork not 
"found in using the staff of the “ Omnimeter;” on the levels being calcu- 
lated from the data thus obtained, the greatest difference between the 
results obtained by the two instruments, viz., Ordinary Level, and Omni- 
meter, was 0°01. i 

As the linear distance obtained by this instrument is the principal ele- 
ment in determining the level of any given point, for experiment it was 
supposed that a mistake of 3 feet existed in a distance of 900 feet; but 
on calculating the level with this error—that is, the distance being known 
te be 900 feet—the numbers 897 and 903 were taken in calculating the 
height of the point—in each instance the level thus obtained differed from 
the trae level by + 0-02. 

Again, in a distance of upwards of 6,009 feet, working through a 
crowded city with constant interruption, the last reading on a bench-mark, 
from which the work was commenced, was found to differ from the first, 
by only 0°22. 

Another test was as follows :—The height of a hill of about 90 feet was 
determined by carefully levelling both up and down with an ordinary level 
=a work which occupied us nearly two hours; the same height within 0:29 
was obtained within five minutes after adjusting the “ Omnimeter,” by ob- 
serving a staff at the bottom of the hill, in the manner before desoribed, and 
another at the topofthe hill. This was done without moving the instrament, 
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I now come to the last operation performed by this instrument, namely, 
that of measuring linear distances, and I would be glad indeed were I able 
to report as favourably on this, as on the others. 

The operation in determining the distance from the instrument to the 
staff is similar to the others—that is, the staff is held vertically on the 
point, and the top and bottom lines are observed as before; the propor- 
tion is as follows (Vide last diagram) :— 

LN: AB:: LN’; AE s, AE= =S*A® — tho required distance. 

Another case can be taken where L’N’ is placed partly below the hori- 
zontal line AE, as is seen in the following diagram; a little study will show 
that the triangles are similar to those in the foregoing diagram, meee. 
the proportions ‘and calculations are similar. 

". Distances up to 1,000 feet have been taken with this instrament; 

tut in its present state it is not to be depended upon over 600 fect, atid: 

even at this 

" distance, er. 

rors amount- 

ing to a foot 

are not une. 
frequent. - 

The causse 
of error are 
as follows :—~ 

1et.—-The 
telescope not 
being puwer- 
ful enough. 





LN:AB:: L'N: AEs, AE= aa XS 


2nd—The arrangement for reading the scale being faulty. 
Srd.—The scale itself though apparently to the naked eye, very finely di- 
vided, when under the microscope appears exceedingly course. 
4th—The diameter of the disc is too small, and the divisions not 
sufficiently minutely divided. 
The first element of error is easily rectified. 
The'manner of reading the scale is as follows :—On looking through the 
microscope two parallel hairs are seen, the micrometer being set to zero on 
the disc; it is necessary to find out how much beyond the nearest line on 
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the scale the hairs denote the distance to the right ; to do this, the micro- 
meter is turned around, which action draws the scale to the right, ontil: the 
hairs are placed (as it were) one on each side of the Tine. yids diagratn). 





this is a matter of individual judgment—no two reading it alike or ag 
ing the hairs in the position. 

The difference between the observations of two persons, amounting in some 
instances to ‘00005 ;—but this is a most serious difference for, the difference 
of +0001 in 600 feet is equal to an error of 3 inches—at 1,200 = to 1 foot; 
in other words the error increases according to the square of the differ- 
ence between the distances, consequently, should the difference between 
two observations amount to °00005—this would equal 5 feet at 1,200 
yards, a most serious error. 

The manner of rectifying this error would be as follows :—instead of 


haying two hairs in the eye-piece of the microscope, there should be only 
53 54 05 56 57 58 59 


Pridililida 


one, the divisions instead of being engraved as continuous lines, should be 
shown by the minutcst possible dot, with a line to one side of each dot thus, 
the one hair would then be brought so as to cover the required dot, and 
the figures over the adjoining line would show its value. 

The diameter of the disc is 3 inches, and it is divided into 500 divi- 
sions—one whole turn moves the scale (on the horizontal plate) half a 
millimétre. I would propose to increase the diameter of the disc and 
divide it, and the scale, more minutely, so that, in observing, the differ- 
ence, if any, should not be in the first jive figures—that is, if carefully 
observed, the first five figures should always be the same. 

With these improvements I am of opinion that the ‘ Omnimeter ” will 
be 2 most admirable instrument for City Surveys—it will then without doubt 
determine distances up to 1,000 feet, within 1 foot—which is the amount 
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‘of allowable error in our present work with theodolite and chain, and as 
besides the linear distarices, levels and horizontal angles are obtained at 
one single and “ ‘anique” operation, the saving of time and — will be 
‘immense. | 

The present instrument even with only the ener cuggeaied : 

wove, without increasing the power of the telescope, the size of ‘the 
disc, and the fineness of the scale, will be most useful in the hilly, and 
jungly districts of the Concan, where, at times, it is impossible to drive as 
chain, without cutting a path through the brushwood; and I would res- 
pectfully beg to suggest that as many instruments as are immediately 
required for the Survey of that part of the country, should be ordered 
without delay. 

Instruments for City Survey work should have the following :— 

(1.) Lower plate 7 inches in diameter. 

(2.) Vernier of horizontal plate and that of arc for measuring vertical 
angles to be divided to 10”. 

(3.) The telescope to be very powerful, so as to distinguish a white 
line J, of an inch long wide distinctly at 1,200 feet. 

(4.) The scale on the horizontal plate to read 100,000, or to 6 places 
of figures, and the divisions to be shown by dots and lines, as 
described in paye 190. 

(5.) The microscope to have only one hair. 

(6,) Circular disc to be larger, and more finely divided in the same 
proportion as the scale. 

(7.) The level on horizontal plate to be longer and more sensitive. 

(8.) The level attached to telescope to have divisions on it the same 
as on ordinary level tubes, . 

(9.) The base linc of the instrument, viz., the distance from the axis 
to the surface of the scale, should be found out before the ins- 
trument is sent to thie country, in order to see if any change 
arises from difference of climate, and in the same way the 
“zero,” or the point on the scale which is given by the opti- 
cal axis line of the microscope, when the telescope is brought 
horizontal by means of the level attached to it, should be 
noted; with all these improvements the instrament will still 

_ Yemain exceedingly portable. 
‘There is one more improvement, I would beg to propose, and i¥ is one 
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that not only applies to this instrament, but also to all theodolities, and this 
is, instead of employing spidef’s webs, for the hairs in the eye-piece of the 
telescope, and microscope, fine lines photographed on glass, should be 
inserted. These lines can be made finer than any hair; also the glass can 
be taken out and cleaned, and the risk of breaking the hairs, and the trou- 
ble required to re-insert them be entirely done away with; in like manner 
the divisions on the scale of the Omnimeter should be photographed in- 
atead of being engraved. 

I ought to apologize for this long report, but when I came to think 
what a vast amount of trouble and expense can be saved by universally 
employing such an admirable instrument as the ‘“‘Omnimeter,” I feel I 
cannot say too much, . 

For City surveying, in laying down traverse lines, all chaining is done 
away with, horizontal angles and levels are taken at one, and the same 
operation. 

For surveying and levelling in rough hilly, and thickly wooded country, 
only those who have been obliged to use theodolites and chains in such 
places, can understand what a boon this instrument will be to others 
similarly employed. 

For Railways and Irrigation purposes it is equally, if not mere, useful. 

G. A. L. 


Note to Editor, 


The instrument upon which I have reported, has been made over to 
the Municipality of Bombay, and has now been in use for some months 
in the Engineers Departmant under Captain Tulloch, R.E., who informs me 
that it works “admirably,” and has been the cause of a large saving both 
of time and money in the Survey of certain valleys intended for the new 
Water Scheme for Bombay. 

I may add that several of these instruments have been ordered out 
from England, among others one for this Department with all the im- 
provements suggested in my Report. Mr. Elliot writes to me that all 
the improvements suggested by me, are very feasible and thanks me for 
my. Report upon the Instrument. . 

G. A. L. 
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No. XXI. 
ON THE LINE OF COLLIMATION. 


By Ligur. Avian Cunnincuam, R.E., Zony, Fellow of King’s Col- 
lege, London. 


Ir may seem strange, but it docs not scem to be generally understood 
among Surveyors familiar with Surveying instruments what is the real 
direction uf the line of sight of a telescope as used for Surveying. It is not 
properly explained in any of the text-books on cither Instruments or Sur- 
veying, though sometimes cursorily alluded to. It is the more important 
that this should be well understood, as from a misapprehension of the 
course of the ray, a paragraph has appeared in Rankine’s Manual of Civil 
Engineering, edition of 1870, page 84, in which it is attempted to be shown 
(in effect) that a deviation of the intersection of the cross hairs in the teles~ 
cope from the axis of the object glass (which is known as the error of the 
line of collimation) does not affect the direction of the line of sight of the 
telescope when the cross hairs are shifted along the axis by the act of fo- 
cussing for observing objects at different distances. Were this true, it 
would follow as a reductio ad absurdum that the error of the line of colli- 
mation was of no consequence at all in levelling, and not of much conse- 
quence in angular measurements; and also that the method of correcting 
that error in a level, known as “ Gravatt’s method,” could not be pers 
formed at all. 

In consequence of the supposed proof that an error in the line of colli- 
mation is unimportant in levelling ‘ Gravatt’s method” of adjustment has 
been omitted in this, the latest edition: the corresponding adjustment for 
the ¥ level is nevertheless inserted. 


194 ON THE LINE OF COLLIMATION. 


Qn aecount of the importance of the subject, and the high authority 
“-@njoyed by Professor Rankine’s works, the author ‘has thought it.ne- 
'? pessary to give references to some standard work.on Geometrical Opties,, 
~ go that it may be seen that the statements in this paper are not mere ini 
" wertions. The references throughout are to Parkinson’s a“ ‘Treatise on. : 

‘Optics " (2nd edition of 1866). ‘Lhe paper is,. however, se aad withont : 

. the references. : 
In almost all surveying and astronomical instraments the icecnes 
are technically “ astronomical telescopes,” ¢. ¢., they consist of a compound 
achromatic object glass, with a Ramsden’s compound eye-piece placed at a. 
distance apart of about the sum of their focal lengths, and with axes nearly 
coincident, (Art. 204 and 239). 

From every point of an object viewed a cone of rays falls on the object 
glass; the objects to be observed in these telescopes are in practice so 
distant that each of these cones is merely a very small pencil of rays: the 
axis of this small cone or pencil for any particular point of the object 
viewed is the direction (external to the telescope) in which that point is 
viewed: it seems natural to call this line “the line of sight of the teles- 
cope.” 

For surveying, ¢. ¢., for angular measurement, and for levelling, the direc- 
tions of the axes of the pencils (incident on the object glass) by which 
points are viewed are the only lines of importance. For angular measure- 
ment the angles required to be measured are the projections on the planes of . 
the graduated plates of the angles contained between the several axes of 
those pencils, whereas the angles that are actually measured, after eliminat- 
ing errors of graduation and bad centering, are (by the construction of the 
instruments) the projections on those planes of the angular motion of the 
axis of the object glass of the telescope botween the several observa- 
tions. 

On looking through such a telescope as described, one commands a con- 
siderable field of view, but for all purposes of measurement it is necessary 
to have some means of confining one’s attention to some definite line of 
sight, and as just explained, in order that the angles actually measured 
may be the same as those which are required to be measured, this line 
raust be the axis of the object, glass, 

Again, for levelling: the axis of the object glass being the line that is 
set perpendicular to the vertical axis of rotation, and, therefore, level where- 
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ser the telessope is pointed, it is desirable that the line of sight of the 
“falescope. should 1 Ge either coincident with it or ash ee Sele 
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(© the “ centre ” of and OCo the axis of the object glass. 

E the eye-piece, 6 its principal focus. 

OQ the object observed, og its image (inverted) as formed by the object 

glass. 

g the image of or “focus conjugate” to Q the poin? selected for observation, 

DD the plane of the hairs on the diaphragm. 
." Observe that gCQ lie ia a straight line, that o the principal focus of the eye-pievs 
is placed (by the act of focussing) in the plane og of the image, and that DD the 
plane of the hairs is made to coincide with the plane of tho image by the act of 
focussing when managed in such a manner as to have no apparent parallax of the 
hairs and image, lastly that the intersection of the hairs (in a theodolite), however 
faultily situate, is brought to the point g by the act of shifting the telescope by its 
tangent screws so that the intersection of the hairs seems to cover or “ bixeet” 
Q, i.e., virtually ¢. 

The sole function of the object glass is to produce a nearly flat i image 
or picture of the object viewed in a plane perpendicular to its own axis 
(Art 204), 

In all cases of oblique refraction through such a lens the image of a 
pomt is not a single point, but a series of overlapping “ circles of con- 
fusion” (Art. 147 and 65): the “circle of least confusion” for each point 
is taken for the image of the point (Art, 65). 

The image of any point viewed as Q [Fig. 1] not lying on the axis of 
the lens i. ¢., the “focus conjugate to” the point Q, being the focus of a 
small “ oblique centrical pencil’? as QC (Art. 115) lies on the line joining 
Q to a certain point C called the “centre” (Art 109) of the lens, and is 
the centre of the “circle of least confusion” corresponding to Q visz., ¢, 
4. ¢, ¢ is the image of Q, and gCQ is the direction of the visual ray: this 
is evidently what has been called above “the line of sight of the teles- 
cope.” 
|The pencil diverging from Q therefore converges to g: the human 
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aye is, nase fitted to see objects only by rays whiel ate very ‘paaely 
parallel (and not convergent), We WHINE ake 

To enable the image to be seen, therefore, the rays sdieingine eg 
must be rendered parallel: this is arranged by viewing through ‘& Rama- 
den’s eye-piece E (Art. 204 and 236) which is set by the act of focussing in 
the position in which the image is most distinct, which cecurs when the rays 
of the pencil corresponding to each point viewed leave it nearly parallel, 
in which case the principal focus o is very near the plane og of the general 
image (Art. 204). 

It is to be particularly noticed that the sole function of the ayerises 
is to view and magnify the image already formed by the object glass, 
and it, therefore, has no influence on the direction of the axes of alaced 
pencils (or lines of sight of the telescope.) 

For purposes of measurement, 7. ¢., to confine the attention of the 
observer to some definite line of sight, a set of fine hairs crossing one 
another is placed in the telescope tube on an open diaphragm whose as 
is nearly perpendicular to the axis of the object glass. 

The act of focussing must be so managed as to make both the dross 

hairs and image appear distinct, and elso relatively fixed, no matter. to 
what part of the eye-picce the observer applies his eye (that is, so —_ sai 
hairs and image may have no apparent parallex). 
. The “centre of position” of the set of hairs in an astronomical instru- 
ment, the (single) intersection of the hairs in a theodolite, and the middle 
of the horizontal hair in a level, are taken for the points of reference in 
the field of view. 

For the sake of distinctness the following description refers specially to 
the theodolite, but with slight variations, as necesgary, of phrases and modes 
of handling, it is applicable to astronomical instruments and levels. 

After adjusting for distinct vision and parallax, the telescope is shifted 
by the tangent screws so that the intersection of the cross wires. may ap- 
parently cover or “ bisect” the particular point of the object —— ig tobe 
theerred. pee o. 

" Since the cross hairs and picture are seen without apparent saci thoy 7 
‘a6-in, ‘one plane, and since the intersection of the hairs’ seems to‘cover of 
ti fisect” the point Q of the object viewed [Fig. 1] it follows that their. 

jotersection has been brought into the line QC, and into the very point 4 | 
above ‘déstribed 3 as the image of Q. Hence the line joining this interneg«: 
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‘Sete ak; the hairs to the Ceentre” of the object giass, which iq a Hne 
. appertaining to the telescope (this line has been called “ the line of colli- 
sndtion’*), now coincides with the “line of sight of the teleacope” which i is 
ab external line. 

* Xt follows, therefore, that so long as the telescope is used in this manner, 
that is to say, so long as distinct vision is obtained of both the field and 
cross hairs without parallax, and the telescope then moved till the inter- 
nection of the hairs seems to cover the point which is to be observed, the 
‘line of collimation” is also the “line of sight of the telescope.” 

Unless, therefore, the intersection of the cross hairs can be brought into : 
the axis of the object glass of the telescope, it will be quite impossible 
to make that axis the line of sight, which was above explained to be so 
desirable. | 

‘Were the line of collimation a definite fixed line in the telescope it 
would matter little for some purposes (e. g., for levelling) whether it coin- 
cided with the axis of the object glass or not, but if the intersection of the 
croas-hairs do not lie in the axis of the object glass, the line of collima- 
tion is not fixed relatively to the telescope. 

"For, in order to view objects at different distances, the telescope must 
be  refocussed"; in theodolites in which the diaphragm is generally a 
fixture i in the ‘slcecdiie, the focussing screw shifts the object glass along 
its axis; in levels in which the object glass is a fixture, the focussing 
screw shifts the eye-piece and diaphragm together along the axis of the 
object glass (in this case the cross hairs arc shifted parallel to that axis). 
' In either case the line of collimation (being the line joining the inter- 
section of the cross-hairs to the “centre” of the object glass) is evidently 
tilted from its previous position : hence, even if the objects to be viewed lie 
ina straight line passing through the “centre” of the object glass, the 
telescope ‘would have to be shifted to make the cross hairs cover each i in 

| eee after focussing for distinct vision. 

Indeed it.is on this tilting of the line of collimation, (when not coittei- 
dent with the axis of the object glass) consequent on refocussing for 
objects xt different distances, that the method of discovering and correct- 
ihg the error in altitude of the line of collimation, known as “ ans ¢ 
method: ” is based. 


ie ‘Dhe.propriety of the use of the term “Iie of collimation” in this ita original, und asd should be 
onty,: ende ts now seen, for collimation means literally “alignment” (collimare = to alfgn) : awy 
onkus tse is p. nisapropriution of » very sclul term for thik line which has yo other name. 
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- The para. in Professor J. M. Rankine’s Manual of Civi il Engineering 
(See Edition 1870, page 84, Art. 50), alluded to above, is here extrhcted. 
verbatim :— 

“Tt has been shown (by Professor Blood of Queen’s College, Galway) that ‘the 


exact coincidence of the cross wires with the axis of the telescope tube is not ab- 
Solately essential to accurate levelling. This is demonstrated az follows :— 


Fig. 48, A. 


A 





r 

“In Fig, 48A, let AA represent the object glass of a telescope, BC the axis of th 
telescope tubes, and DD the diaphragm. Suppose that the horizontal crosswire EE 
instead of traversing the axis BC of the tubes, is situated at a certain distance from 
that axis. Then, when the inner tube is drawn in and out, the cross wire E will 
move along the straight line EF parallel to the axis CB. 

Let H be the outer principal focus of the object glass, situated in the axis CB. 
Then it is known that, by the laws of dioptrics, all rays of light whose paths within 
the teloscope are parallel to BO, pass through the focus H outside the telescope ; so 
that, for example, a ray of light whose path within the telescope is FE, has for its 
psth outside the telescope the straight line HG ; and hence it follows that all pos 
sible positions of the cross wire E, as the inner tube slides in and out, coincide with 
the images of points situated in one straight line GH. 

Consequently that line (or its prolongation within the telescope, GK) may be 
regarded as the true line of collimation ; and if the spirit level is adjusted so as to 
‘be parallel to that linc, correct results will be obtained in levelling, although the 
cross wire may not traverse the axis of the telescope ”. 

The reasoning quoted is incorrect in several points. 

lst. Although it is true that one external ray passing through H 
the outer principal focus of the object glass is refracted along FE paral- 
lel to the axis of the object glass, it does not follow that “the images of 
points situated in” the “straight line GH” fall on the line FE, but 
only that an image, viz., the centre of one of the infinite number 
of circles of confusion for each point on GH will fall on FE, For it 
was stated above that the image of a point was the centre of the “ circle 
of least confusion” corresponding to the point and lay on the line join- 
ing the point to the “centre” of the object glass (Parkinson, Arts. 65 
- and 115). 

Although it is possible to see a point by any part of the pencil proceed- 
ing from it, still in order to see the point by the particular part of the 
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pencil having HG for its axis, it would be necessary to obscure the whole 
of the object glass except in the neighbourhood of G and F, because the 
very act of observation selects not the indistinct image seen by the pencil 

FE, but the most distinct image which is in the “circle of least con- 
fosion.” 

2nd. Thesmall pencil whose axis is HG passing through H the outer 
principal focus of the object glass, consists of parallel rays after leaving 
the object glass (Art. 13), and is therefore fit for vision without an eye- 
piece : the intervention of. an eye-piece would render the rays leaving it con~ 
vergent, and therefore unfitted for human vision (Art. 190), so that it 
would be impossible to make FE the line of vision without removing the 
eye-piece, 

. &rd. It is, or ought to be, well known to Surveyors, that “ Gravatt’s 
method” of adjusting in altitude the line of collimation of a level depends 
entirely on the tilting of the line of collimation (when the horizontal wire is 
not in the axis of the object glass) caused by the act of focussing (for distinct 
vision only) of objects at different distances, Were the “true line of collima- 
tion” a fixed line in the telescope as set forth in the quotation, its error 
in altitude would not only be of no importance (provided the level were 
set, parallel to the external line GH), but moreover, “ Gravatt’s method” 
would altogether fail to detect the error! It would also follow that the 
error would be of little importance even in instruments used for angular 
- mneastirement, such as theodolites and altazimuths, for the effect would be 
similar to that caused by defective centcring, the error due to which (as 
will be shown in another paper,) is eliminated by the use of two or more 
verniers. 


Elimination of errors produced by an error in the line of collimation. 


1. Inmeasuring angles, as with theodolites and altazimuths, the readings 
corresponding to objects situated at diferent distances from the observer 
are differently affected, so that the resulting angles (being the differencet 
of these readings) are incorrect. 

The error due to this cause may, however, be wholly eliminated by the 
simple plan of observing every point twice (or any even number of times 
with the telescope in reversed positions: there will then be two sets of 
errors equal and opposite for gach point, (although differing for points at 
different distances), which will be eliminated in taking the mean, 
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. %. Im levelling the error due to this cause may also be wholly slidsianted! 
‘from the general result by the simple plan of always placing the level. ot 
equal distances from the furthest back-staff and furthest fore-staff "The 
error in reading on these two staves will then be equal, so that the routings | 
difference of level (being the difference of the readings) will be correct. | 
The readings on intermediate staves will be differently affected according 
to their distance from the instrument, so that the resulting reduced levels 
at allthe intermediate staves will be affected by this error, but these errors 
will be all small and not cumulative (the difference of level having been 
correctly obtained between the farthest staves). Small errors in oe 
‘when not cumulative are of no importance. | 
N.B.—Observing as above indicated, (1) and (2) has many iotliee ad- 
vantages in eliminating errors due to other causes, which it is not in the 

scope of this paper to enumerate. 

A. O. 
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No. XXII. 


‘MEMORANDUM ON THE TOTAL ECLIPSE OF DE- 
CEMBER 11-12, 1871. 


By Lizvut.-Cot. J. F. Tennant, R.E., F.RB.S. 


(From the Proceedings of the Asiatic Society of Bengal for June, 1871.) 


Ix December of this year wo have a Total Eclipse visible in Southern 
India. The duration is short, but in some respects the circumstances are 
very favorable, as the Line of central Eclipse passes over the Nilgherry 
Hille, where I understand fine weather may be confidently expected, In 
order to be prepared, I have computed carefully the Central Line across 
India, and have added the extent to which errors of the Tabular place of 
the moon may be expected to shift it. In the following Table aa repre 
sents the excess of the Moon’s time above the Tabular Right Ascension 
in time, and Ad the excess of the Tabular above the true 8 declination. 

I hope to have before the Eclipse a knowledge what crrors may be 
anticipated in the Tables and thus be in a position to choose a central 
spot, if it is worth making a change. The figures, however, show that 
this is not probable, the principal result of an error in Right Ascension . 
being to shift the Centre of the Shadow along its path the deviation 
frota which would be corrected by a small crror in the declination which 
could hardly be foreseen. 

The duration of the Eclipse will be small. At the Nilgherries it witl 
‘be about 2 minutes, but this cannot, so far as I know, be as yet accurate- 
ly ‘predicted from uncertainty as to the real diameters of the sun and 


East Longitude. 


Places of Centre of Shadow. 


North Latitude. 


m. ™. 
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moon, when fies from the ei" 
largementby irradiation, Ifthe: 
value of the moon's dismeter- 
deduced by Onudemans from 
Eclipses, be used with that of: 
the Sun obtained in the Green-: 
wich Transit Circle, then I: 
find the duration in the Nil- 
gherries just 2 minutes. The 
data of the Nautical Almanac 
give 2 minutes 7 seconds, and 
if I may judge from the result. 
I got in 1868 the real duration 
will fall between these. 

Short as this time is, it is 
enough with an adequate pre- 
paration to produce some re- 
sults of value. It is long 
enough to allow Photographs 
to be taken of the Corona, as 
to whose structure there is 
more to be discovered. There 
seems now no sort of doubt 
that the Corona is only a Solar 
appendage, but is, as I stated 
in my Report on the Eclipse 
of 1868, the comparatively cold 
atmosphere of the Sun.. This 
should be further spectrosco- 
pically examined. Observers 
have differed about the number 
and position of the faint bright 
lines they have seen, but it. does 
not seem that any one has con- 
nected the variations with the 
position of the part examined. 


‘To do this appears urgently 
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necessary, and there have been additions made to the spectroscope which 
will. allow more than one portion of the Corana to be examined, and its - 
lines recorded during the short time it is visible. 

There is another subject too of spectroscopic examination. Kirchhoff 
in his theory of the solar constitution supposed it surrounded by an ex- 
tensive atmosphere consisting of metallic and other vapours, as well as 
gases, by the absorption of which tho dark Fraunhofer lines were pro- 
duced. It has long been clear that there was no such extensive atmos- 
phere, and some physicists have been satisfied that there is none such. 
Mr. Lockyer and his collaborateurs, though they have detected a greater 
number of bright lifes at the bases of the prominences, have never ap- 
proached, so far as I know, the number of even the conspicuous dark 
lines, whose explanation has, therefore, not been satisfactorily made out. 
At the Eclipse of December 22, 1870, however, Professor Young at the 
moment of obscuration, and for one or two seconds later, saw as far as he 
could judge every atmospheric line reversed, and this was confirmed by 
Mr. Pye. I have but the scant information of this point given in the 
Royal Astronomical Society’s Council Report, but it is sufficient to show 
me why this has not been seen before by observers looking out for it, and 
‘also to make me feel the importance of verifying the observation. 

To understand why it has not been seen before, it must be considered 
that the image of a bright object in the focus of a Telescope when reliev- 
ed against comparative darkness is enlarged by a phenomenon known as 
irradiation ; the light encroaches on the darkness. The sun thus appears 
larger, and the moon smaller than 
the real size. This continues till 
the real contact of the Limbs in- 
ternally; at this moment the thread 
of light, which previously had con- 
siderable width, appears suddenly 
broken and vanishes in a Total 
Kclipse: while in the Transit of a 
<CSS, Planet or Annular Eclipse there 
WC appears the “ black drop” of the 

observers of the Transit of Venus 
in 1769. AtA in this figure I have endeavoured to give some idea of 
this phenomenon in an Annular Eclipse, and at page 16, Vol. XXIX., 





ch 
1 
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of the monthly notices of the Astronomical Society will be found some 
figures illustrating this in a Planetary Transit. When we are dealing 
with so thin a stratum surrounding the truce Photosphere, we cannot see 
it in sunshine, as it is lost in the irradiation, (it may be partly visible in 
very large Telescopes where the irradiation is very small), and we are 
very apt to loose it at the moment when the sun disappears, for it is 
found only between the places where a moment before the Sun a Moon’s 
limb appeared, so that the observer following either of them might well 
miss it. 

In the search for, and verification of this important observation, the 
duration of total phase can matter little. 

I have been in communication with the Home Secretary on the subject 
of observations of this Eclipse, and my views I may say have been most 
cordially received. J am not yet in a position to submit a proposition 
officially, but Ihave great hopes of being able to do so in a few days.* 

P. S.—I may just mention that in plotting the Shadow Track on a 
map, it is necessary to allow for the crror of its zero of Longitude, a pre- 
caution often forgotten. The Longitudes of the G. T. Survey require a 
correction of 3’ 2:7", and those of the Atlas of India one of 4’ 11” to 
adjust them to the accepted Longitude of Madras. 


IFT 


> This has since been done. 
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METAL CONSOLIDATION BY STEAM ROLLERS IN 
THE CENTRAL PROVINCES. 


By G. W. MacGerorasr, Firec. Engineer, Kanhan Division. 


Kampti. 26 January, 1871. 
For greater clearness, I propose treating the subject in the following 
order :-— 

1st.—General sketch of the order of the scason’s working. 

2nd.—Expenditure. 

8rd.—Fuel used. 

4th.—General conclusion. 

5th.— Appendix. 

It will be unnecessary for me to enter into any description of the 
mechanical details of the steam road roller, as these are already known to 
you, and are moreover sufficiently entcred into by Mr. Davidson in his 
report, which I have appended. 

As you are aware, two of Messrs. Aveling and Porter’s steam road 
rollers arrived at the end of the rainy season of last year, and were put 
together by Mr. O’Callaghan. One of the rollers was tried on a short 
length of new metal, but so late was it in the season that no very definite 
information was obtained as to the capabilities of the machine, or of the 
accessory appliances requisite in this country to ensure its most expedi- 
tious and convenient action.* 


Vide P. P., Ola Series, Vol. Vii., Pp. 146-151:—-ED, 
VOL. 1.-SECOND SERIES. x 
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The operations conducted this year may therefore be fairly considered 
as tentative and experimental. None of the existing staff of the Division 
had any previous practical knowledge of the working of the roller, and 
the very small amount of printed information as to the working results 
of the machine in England could not prove of much value, owing to the 
totally different sect of conditions to which they referred. 

In Europe the value of steam road rolling has been very generally 
acknowledged, as compared with the systems previously adopted in con- 
solidating metal, these systems being either consolidation solely by the 
traffic or horse rolling. 

In India we have to compare it with what is undoubtedly a very per- 
fect, if expensive, system of consolidation, viz., hand ramming. The 
operations had moreover in the case under report to be conducted over a 
considrable extent of road entirely in the jungles, whilst in England the 
use of the steam roller has (so far as I am aware) been hitherto con- 
fined to short lengths at a time in the immediate neighbourhood of towns, 
with all tho attendant convenicnces of unlimited water supply and facili- 
ties for skilled labor in a humid and highly favorable climate. These 
distinctions are necessary to point out, as they show that the roller had 
to be adapted in a great measure to a novel set of conditions, and that 
therefore the highest results cannot reasonably be expected until ex- 
perience has suggested the most favorable manner of meeting or avoiding 
the many petty difficulties of detail, on every one of which increased 
rapidity of work and consequent further economy may depend. 

The first roller put together and taken up the road last year by Mr. 
O’Callaghan was shortly afterwards despatched to Jabalpur for work 
there. The second roller (the cast-iron turn-table frame and spur wheel 
of which had been accidentally broken) was,not without some difficulty 
repaired in the Kanhin Workshops, a sun awning was fitted, and a large 
four-wheeled tender, or fucl waggon, on Messrs. Aveling and Porter's 
pattern was made up. Towards the commencement of the rains the 
machine was steamed up to Amrie, and fuel was stored in the out-build- 
ings at this place, and also at Chorbowlie and Korai, consisting of Chanda, 
Chhindwara, and English coals. The coals being used chiefly in order 
to test the comparative economic values of the Native coals, and to show 
also the relative economy of the employment of wood in the farnaces 
as at present constituted. 
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The illness of the European driver of the roller, and a difficulty in col- 
lecting gangs of work-people in sufficient numbers for spreading and 
watering the metal with the requisite rapidity at one spot, caused some 
delays at starting, so that tho roller was not fairly at work on the 57th 
mile until the 19th July. The miles for which new metal had been col- 
lected were as follows :—The 21st to the 31st, both inclusive, the 41st 
and 42nd, the 45th, the 49th and 57th, in all 16 miles. The first eleven 
miles stretching from near the village of Doomrie to Chorbowlie, two miles 
close to Deolapar; the remaining three beiug between this place and the 
foot of the Korai ghat. 

The 57th mile at Korai was the one first commenced on, about a quar- 
ter of a mile had been previously picked up and spread by hand. The 
roller was passed over this length in every part four times, during un- 
usually heavy rain, wheu the metal was found to be well consolidated. 

The remainder of the mile was then picked up by the machine by insert- 
ing the spikes in the holes provided in the forward rollers, and the result 
proved satisfactory, the whole surface of the road being so loosened as 
to permit its being rapidly raked into a disjointed mass of stones with the 
point of a pick. This operation, together with the subsequent spreading 
and rolling of the metal at this place, was conducted during heavy rain. 
After the roller had passed four times over each part, the road assumed 
a hard compact appearance, the whole mile was then twice gone over, 
thus making in all six rollings, when it was found to be thoroughly con- 
solidated and finished. Scarcely any Jabor has since been expended in 
keeping this mile in order, which, as it affords tho best results of the 
whole season’s working, will be alluded to in detai) further on. 

The engine was removed to the 49th mile on the 27th July. From 
the 28th of this month to the 6th September no rain fell at any of the 
places where the roller was at work, comprising the 49th, 45th, 42nd, 
41st, 30th, 29th, 28th and 27th miles. During this period a rain-fall 
amounting to 4 inches in all was registered at Kamthi. After the first 
week water was difficult to procure, that in the side drains having com- 
pletely dried up. During the month of September the roller was employ- 
ed on the 26th, 25th, 24th, 23rd, and 22nd miles, and scarcely any rain fell, 
the amount registered at Kamthi being less than 5 inches. From the 
end of September to the 15th October the roller completed the 21st mile, 

« and was engeged in reconsolidating all the miles between Doomrie and 


Before entering into any detailed account of the expenditure incurred 
this season in consolidating the 16 miles of new metal laid down by 
means of the steam road roller, I will first exhibit the actual expenditure 
incurred in previous years on consolidation on the Northern Road by the 
nsual hand labor method, so as to institute a direct comparison of actual 
mileage rates. This general comparison will include the expense in both 
cases of nokur coolies for keeping the new metal in order for two months, 
and of such operations as picking up and spreading metal common to both 
systems, and it will be based on the supposition that the work is perfectly 
done in cach case; contingent advantages in the use of the steam roller 
over and above the actual consolidation of the new metal, such as the 
improvement to the whole intermediate lengths of road over which it 
must pass to reach its points of working, will not be considered. My 
first object being merely a broad and general contrast of the actual cost 
of the two systems from actual finished operations, the hand labor being 
based on several seasons work; the machine labor, from this season’s 
work only. 
The following are derived from the completion reports of the consoli- 
dation of metal on the Northern Road in the three previous years. The 
metalled width being then, as now, 12 feet, and the usual thickness of 


the coats of metal 4 inchcs. 
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Taste A. 
Executed | Finished rate 
Former years. anti Cost. 100 cubic | Finished rate 
cubte fect, be pig | per mile, : 








BS. A, PJ RS, A, PJ BS. A, P, 


1867-68, .. 29} miles, ..| 625,665) 9,896 1 2] 1 9 8] 835 8 0 
1868-69", 93, ,  .. | 1,953,600 | 45,896 12 2} 2 5 7} 493 8 0 
1869-70, .. 244, 5 «| 515,459] 8481 6 6] 110 4/849 2 0 





CEES CIEE GOED | Ke ees | CEE 


1870-71, ee 16 miles, ee 

By steam road roller— 

Miles. 

11 8 inches coat. 174,240} 279,840; 3,180 7 4 1 2 24319812 5& 
5 4 do. 105,600 


279,840 








In the year 1868-69* a very long length appears to have been consoli- 
dated, and a number of the miles near and beyond Seoni were laid with 
basalt metal, the rate for which is always higher than for granite or lime- 
stone; I therefore exclude this year from the comparison, Taking then 
the two seasons 1867-68 and 1869-70, we have a mean rate per mile of 


pela me equal Rs. 342-5-0, as compared with this year’s rate of 


Rs. 198-12-5, showing a saving (even under the disadvantageous circum- 
stances under which the work was conducted) of Rs, 342-5-0—Rs. 
198-12-0 = Rs. 148-9-0 per mile. 

I will now proceed to give an abstract of the charges incurred in 
consolidating the 16 miles of metal, which make up the total expendi- 
ture of Rs. 3,180-7-4, these are as follows :— 


ABSTRACT OF CHARGES. 














TasBLe B, 
au Amount ; 
140 | Amoun 
Head of Abstract. Items of charge. Amount. pablo fect | per mile. 
of metal, 


RS, A, P.| BS. A. P.| RS. A. Pt] RS. Ae Pe 
EsraBuisHMent. jSteersman’s pay, ..; 11119 
Stokers, do... . 4914 
Chowkeedars and coo- 
lies watering boiler, 8653) 19684) 0114 12 4 6 
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Amount 
coca r 100, Amount 
of me 





BB. A, P. RS. AcPs RS. A. P. Ba. A. P. 

Fuet. English coa),44 mds.,..; 98 90 
Chhindwara’ coal, 2 2894 

maunds, 388 70 

Chanda cual, 594 mds, 81 18 0 
Firewood, "including 
apa and transport 

8174 mda., | 14911 8 


Carriaze hire, .. --| 22 00) 74083 0 4 27| 46 46 

















ACERS ebsertn amcor: | SIERO career: EE Gy HE 


Coour Lasor. {Spreading metal, ..| 625 00 
Spreading moorum, ..| 130 0 0 
In spreading metal/QOccasional picking up,| 16 0 0 
andmoorum, occasional Watering, extra ram- 
picking up, watering,| ming over by hand 
extra rumming, &c. lubur, .. ae .-| 961 4 111,682 41) 0 9 B9/t02 0 32 











~ewemen @umemneees | deena ame Petes OS ene | Sn CREED 











INCIDENTAL CHARGES. |Labor iu cleaning and 
allowance and sun- 

Due to roller, divid- dry repuirs, oe 
ed into labor in clean- Jssue of stock, . os 13 13028 0 089) 8 22 
ing, aud allowance, and 
sundry repairs and is- 

sue of stock, (such as 
ropes, baskets, water- 

ots, oil, cotton waste), 

Co 








ae RE EY OE EOI PIII | RE Gy ene 


Noxes Coouss. {Fortwo months, ..) 481 00} 48100] 0 289] 80 10 











‘(Rie ES aie | oe Ge eeneeeee | emanwecEr @? csoveere 


Total, ..|3,180 7 438,180 7 1 22 j198 12 63 

















I may here remark that the European driver is not included in the 
above establishment charges, it could not fairly be charged unless the pay 
of Overseers are included in the rates for hand labor. In carrying out 
consolidation of metal extending over 50 miles of road by hand labor, all 
the work would probably go on simultaneously. Two Overseers at least 
would therefore be necessary, whereas in consolidation by the steam roller 
the work is always at one spot, one Overseer in addition to the driver 
(who ranks as a Supervisor) is alone requisite. 

The driver’s pay may therefore stand for the pay of the second Over- 
seer required under the other system. 
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Under the head of abstract ‘‘ Fuel” it is necessary to remember that the 
yuantity consumed is the whole quantity chargeable to the work and not 
that consumed purely in picking up or rolling metal. The roller was 
steamed from Kamthi to Korai and back, this distance being 58 by 2 
miles, equal 116 miles; out of this 16 miles of new metal was rolled, so 
that striking out the fuel used in actual operations, a further amount 
necessary to carry the roller once over 100 miles of road was consumed, 
‘hus the amount per mile shown on the table does not represent the cost 
of fuel actually expended in finishing the rolling of one mile of metal, but 
she gross cost per mile of road consolidated. The actual consumption 
and cost of fuel used in rolling once or any given number of times a mile 
of new metal, can only be arrived at by the actual observation made dur- 
ing the progress of the work. These observations will be found in Table 
:, of Mr. Davidson’s Report. : 

My Table B. shows the total expenditure due to each item of work 
»xxtending over the whole 16 miles of metal consolidated, including the 
‘ost of transporting the roller the additional 100 miles, from which the 
sverage expenditure per 100 cubic feet and per mile for each head of 
abstract ig determined; the expenditure per actual milo will of course 
vary considerably according to the various conditions of weather, of 
yradients, of nearness of metal stack, facilities for watering, and a mul- 
‘itude of other circumstances; nothing would be gained beyond complex- 
ty and confusion in illustrating the detail of expenditure on each actual 
nile; as, however, the work on the 57th mile at Korai was, as previously 
‘emarked, conducted under very favourable conditions of weather, being 
inished after six rollings and has required almost no work whatever to 
creep it in order after the roller left it, I think this mile may be taken as 
. test of the results to be expected under the best conditions; a mean 
yetween this and the average mileage expenditure on the remaining 15 
niles conducted under exceptionally bad conditions as to weather, will, 
[ think, give a fair approximation to the real mileage rates, had the 
ieason been favourable, although I am of opinion that further improve- 
nents in the order of working indicated by the experience gained apd 
he entire use of wood-fuel will, when carried out, very materially reduce 
hese rates in future operations. 

The 57th mile was laid with granite metal, 4 inches thick and 12 feet 
vide. 


212 METAL CONSOLIDATION BY STEAM ROLLERS 


Tasie C. 


Showing actual expenditure on the 57th mile at Korat by Steam Road 
Roller, and comparison with hand labor. 


STEAM ROLLER. HAND LABOR. 
Head of Abstract. Items of charge. | Picheas Ae | ok : 





















RS. A. P| BSA PL | RE A. OP. | RBS. A. P, 
ESTABLISHMENT.|Stcersman’s pay 20 16 10 
Stokers do. and 

sundry coolies 7 0 11| 28 0 9 


eet: | HSS, Ch ye | CE ge 











Fur. 


Carting and cut-/Carling and cut- 

fing up wood, pick-| ting up wood 24 14 8 

up 3 of the/ Wood, 70 mannds 

mile by machine, at 0-6 -Opermd. 26 4 0} 51 2 3 
and rolling tbe 

whole six times. 


emnerernana set Baseman, ff AH Geneon | SS TEARS 








CooLiz LABOR, 


Spreading meotali/Spreading metal 39 8 0 
and mooruam andj) Do. mooruam 8 0O 0 
picking up j} of a/Picking up } mile 
mile. by hand picks 4 0 Q} 51 8 O 














INCIDENTAL 
CHARGES— 


Baskets, ropes,Incidental charges13 9 0} 18 9 0 
oil, cotton waste, 

leaning engine, 

&c. 


ai SPECTER, CO TE GT Cee | CERES eeeueor: | CED CEE | OO 








NOKER COOLIES. 
Keeping in repair.|Keeping inrepair 7 4 0| 7 4 OF 





(eee | coer 


Total, ..j151 8 0 
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The saving on this mile taken singly, or Rs. 342-0-5 —151°'8 equals 
Rs. 190-18-0 on the average mileage rates of two past seasons; that the 
total saving per mile on the whole length only reaches Rs. 148-9-0 is 
due principally to extra expenditure due to watering during exceptionally 
dry weather, going over the metal an excessive number of times with the 
roller where water was not met with, and the cost of having to go over 
much of the metal once with gangs of hand rammers. If from the total 
expenditure of Rs. 8,180-7-4 (see Table B.), we now deduct Ra, 151-8-0, 
the expenditure on the 57th mile, and divide the remainder by 15 (the 
remaining number of miles), we have for the average mileage rate of these 
15 miles, Rs. 201-15-0, Taking a mean between this and the expendi- 
ture on the 57th mile, we have a_i == Rs, 176-11-6, and 
Rs. 342-5-0~— Rs. 176-11-6 gives us a saving of Rs. 165-9-6 per mile. 

The cost of the roller may be taken at oe ee Js. 8,000 
To this add interest at 5 per cent. fortwo years .. ,, 800 


And allow for repairs Rs. 400 per year for 2 ycars, a 
very ample allowance, .. oe es ea. 800 


Bose 


Total Rs. 9,600 


We find that, saving Rs. 160 per mile, the steam roller will pay off all 
charges after rolling 60 miles of metal in two years, supposing her to roll 80 
miles in one rainy season, an amount she could undoubtedly do. Mr. 
O'Callaghan estimated the work of the roller at a mile a day, this might 
no doubt be done under the highest favorable circumstances, and with all 
the minor operations in perfect accord ; but the ruller also picks up the old 
road in addition to rolling the metal, this operation cannot be donein less 
than half a day, so that I am of opinion that it is not safe, taking all the 
contingencies of working into account, to expect more than an average of 
one mile in two days. 

This season the roller was actually at work on the metal cither picking 
or rolling, and including going and coming from her work, for 64 days, 
which for 16 miles gives us but one mile in four days; but this can- 
‘not be taken as a fair test in this respect, owing to the extra number of 
times she wae taken over the metal dry and the variety of delays caused 
by what may be called experimental trials of the machine in a number of 
different ways. Both as regards the general order of the working and 
the manner of laying and watering the metal and moorum, much experi+ 
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ence has been gained, and on roads where, as at present on the Northern 
Road, there is no objection in laying down half a mile or a mile of hew 
metal in advance of the roller, I should consider a mile finished in. “tw6 
days as a fair and reasonable amount of work to expect; but I should 
hesitate in assigning more than this. 

As before stated, the fuel used during the progress of the work con- 
sisted of proportions of English, Chhindwara, and Chanda coals, and fire- 
wood. The total quantitics of each kind consumed are shown in my 
Table B. Actual and careful observations taken by Mr. Davidson and 
recorded in his Table I. show the relative economic values of each of these 
fuels, at their present relative costs. In terms of work done Mr. David- 
son’s Table shows that their relative values are as follows :— 

Maunds, 
English coal, oes ee eo 1 
Chanda coal, ‘ie ae ae or 


2 
Chhindwara coal, “ si a 4 
Wood, ee o6 e@ ae i 4 


That is, one maund of English coal will do the same work as two maunds 
of Chanda and four of Chhindwara coal, and four maunds of wood. 
Their relative economic values will therefore stand as follows :~— 


One mile once rolled. 


Mean rates at 

site of ee 

inclcding car- Economic; 

riage and cut- values 

ting in the 

case of wood m 

Mounds, RS. A. P. Rs. A 4 

English coal, o oo 1 at 289 =2 8 a 
Chanda coal, ee - 2 at 16 8 =2 12 a3 
Chhindwara coal, .. eo 4 at 165 =b5 9 Bg 
Wood, ows Se ee elk 


From this it will be seen how much the actuat cost of the season’s 
working has been increased by the use of the coalsemployed. A reference 
to my Table B. will show a consumption of 2824 maunds of Chhindwara 
coal. This coal, I need hardly remind you, was that received in transfer 
from the Nagpur Division ; though it had suffered by long exposure, and 
was in every way inferior as a fuel, it was undoubtedly economical to use 
it‘at the stock rate of Rs, 1-6-5 per maund rather than to allow it to 
deteriorate. further and become useless; but at the same time I must not 
omit to point out how its employment at the stock rate of Ra, 1-6-5 per 
maund, and.its low-relative value as a fuel, has affected the working rates 
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of consolidation, and consequently the saving per mile that might have 
been shown had wood been employedin the place of it. The small quantities 
of English and Chanda coals used, act also in the same way, they were used 
altogether experimentally, not to show the greater economy of wood (as the 
prices of fuel at present stand), of which there had been no doubt,-but-as 
an independent experiment for the purpose of contrasting the value of 
good English coal and that from the new Chanda coal fields. 

It will be worth while however, if, in the place of the coal consumed by 
the steam road roller, we substitute the equivalent quantities and cost of 
the wood that might have been employed, so as to show what might have 
been the mileage saving (other things remaining the same) had wood been 
used, and consequently what may be done in another year's operations, 


Equivalent 

Total used. quantities 

of wood. 

Maunds. Maunds. 

English coal, oe ve oe 415% 4 = 1660 
Chanda coal, : ee se oe ee 596 x 2 — 119°0 
Chhindwara coal, oe eo ee ee 282'5 x 1 = 282° 
Wood, ee eo es os se 3175 x 1 — 8173 


Total maunds, .. 8850 


at 7 annas G6 }-ie = Ra, 414-13-6 


As, however, if wood had been used throughout, some further expendi- 
ture would have taken place in cutting up the extra quantity and for 
carting, owing to its greater bulk as compared with coal, we may allow 
another anna per maund, which will be outside the mark; we shall have 
therefore 885 maunds at 8 annas and 6 pie per maund, equal Rs. 470-2-6, 
Now the total actual expenditure for fucl (see Table B.) is Rs. 740-8-8 ; 
the saving, therefore, that would have been effected if wood fuel 


had been entirely used, other things remaining the same, will equal Rs. 
and _¥s, 270-5-9 


770-8-38 — Rs, 470-2-6 = Rs, 270-5-9 i No cfmiie = Rs, 16:9 
(say Rs. 17) so that the mileage rate (see Table A.), instead of being Res, 
198-12-0, would have been Ra, 182-12-0 only, or a total saving on the 
ayérage mileage rate for two past seasons of Rs, 159-9-0, instead of Re. 
148-9-0, the actual saving per mile on the whole work. - Again, if. the 
wood had been purchased direct on the road, instead of being charged at 
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the stock rate, 5 ennas per maund, including cartage, would dave liten 
ample, We should therefore have had 885 maunds at 5 ennas, equal: Re,. 
$76-8-0. -This would have given us under head “Fuel” a saving of 
Res. 464, equal to Re. 29 per mile more than the actual saving, that is te: 
say, a total of Rs. 172-9-0 per mile less than old mileage rates by hand 
labor, From these figures it will be seen how much the actual rates per 
100 cubic feet or per mile have been increased by the circumstance of 
using coal at its present value, and wood at stock rates instead of by direct 
purchase. 

That the savings on the 57th mile (as shown above) reached Re, 

190-15-0 is due to the circumstance that being consolidated for the most 
part under very heavy rain, little expenditure for watering and extra ramm-~ 
ing after the roller left it took place; and, moreover, the number of times 
the roller was taken over the metal reached a minimum. A glance at Table 
QO. will show that this saving might have reached over Rs. 200 per mile, 
. The amount under head of Abstract ‘“ Establishment” is very large, 
viz., Rs. 28-0-9, or 94 days’ pay of steersman and stoker, and attendant 
coolies, instead of two days’ pay, equal to about Rs. 6-0-0, in which time 
the mile might have been finished; that it was not eo, was due to the 
mile being the first one commenced. Each of the separate operations of 
picking up and spreading metal and rolling with the machine did not at 
first fit into one another so as to cause a minimum of delay, and any such 
delay or waiting of the roller will necessarily augment the sub-head of 
Establishment, 

Before closing this part of my report I cannot avoid quoting the follow- 
ing paragraphs from a “ Report on the economy of road maintenance 
through Steam Road Rolling, by Frederick A. Paget, Esg., C.E.” At 
page 29, Mr. Paget states, that according to particulars furnished by Mr. 
Philip H,. Wall, the Engineering Agent in England of the Calcutta 
Municipality, of trials made in India with the steam road roller by the 
Engineer to Calcutta Municipality, “The rolling of 44,631 square yards 
ost. £146 4s. 6d.;” reducing this, I find it to equal about Rs, 230 per imile, 
of 12, feet roadway. Our actual expenditurehas been Rs. 198-19-0 per 
mile, including keeping in repair for two months; but would nearly equal 
the above figure if the driver's pay for three months,-—equal to-ebout Rs, 

. 800, or Ra, 81 per mile,—be added, me: — vate, nets in the 
_Bbove- quotation, = jen lag bie 
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‘Mr, Davidson in his report having given the results of his sbeervatidity’ 
on the economical values ofthe fuels used, and the manner of treating . 
Native coal, it will not be necessary for me to enter further into the m 
ter under this head. Us 

- Under this heading, I propose treating each detail of the work septate 
ly, so that the results of the experience gained on each operation may be 
condensed in order, 

The operation of picking up is carried out by inserting spikes projecting 
4 inches from the circumference of tho forward rollers into holes provided 
for the purpose; the spikes are secured by nuts with washers on the inner side. 
The old road is very effectually picked up by this arrangement, the whole 
surface being completely loosened. A few men with the points of their 
picks can afterwards easily rake the whole surface into a mass of dis- 
jointed stones. The work is somewhat trying to the engine, requiring 
extra care both in driving and steering. It was found (as in fact was 
expected) that this operation is best carried out during dry weather, and 
it should not be done on rainy days if it can be avoided. 

The engine can pick up a mile in about half a day, including time for 
fitting in spikes and taking them out again, at an average cost (using 
wood fuel at 6 annas per maund, of which she would burn about 15 
maunds) as follows :— 





RS. A, P. 
‘Establishment and stores, half a 
day, 2 8 
Fuel, 15 maunds, at 6 annas = 6 10 
Pickmen to rake together loosen- 
ed road, 40 0 


Total ..12 2 0 


Ordinary hand picking costs about Ra, 
16 per mile on an average; a saving of 
about Rs. 4 per mile is therefore effected 
by this operation, or with wood at 5 annas 
per maund, Rs. 5. 


0 
0 


Independently of the money saving, the work is undoubtedly done in 

& much more thorough and effectual manner, and it would probably pay 
te do it even if it cost more than the hand picking. 

In order that continuous work over a considerable length of road. may 

; be carried.on with a minimum of delay to the roller and the maximum of 

economy, it is evident that the number of coolies employed in spreading 

the metal and binding material must bear an exact proportion to the work 

“of the roller in ‘picking up and rolling, as regards time taken in doing 

equal lengths. The roller should uninterruptedly be able to work ¢ither 
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at one operation or the other for the full number of hours in the day, and 
the coolies should also be able to work without interruption the same 
number of hours. That this may be done it is evident that the roller 
should pick up a greater length of road in the course of the day than she 
rolls, in order that the gang may have a picked up portion on which to 
spread metal during the last hours of the day, whilst the roller is consoli- 
dating the portion immediately behind, and also that they may be able 
to begin spreading on the following mo-ning at the same hour the roller 
commences picking up in front. The utmost economy depends upon a 
due apportionment of the number of spreaders to the work of the engine, 
so that the Jatter may never have to wait for the metal being laid down, 
or the former to wait for the old road to be picked up. | 

The time necessary for fitting in and taking out the picking up spikes 
is of course curtailed if the engine divides the day proportionately between 
the two operations, completing the necessary length of picking up in the 
first part of the day and then rolling until evening. The following Table 
will, I think, show an apportionment of a day’s work approximately 

















correct: — 
Order of operations of engine No. of hours Order of operations of Coolles 

Getting up stcam, fitting spikes, 

and picking up one mile of old road, 5 Coolies lay down nearly half mile. 
Taking out spikes and rolling 

and finishing a half mile,... s+. 8 Coolies lay down over quarter mile, 

making in all three-quarters of a 
mile, 


Farther rolling and finishing a 


quarter mile, ee le yaa 1} Gang will work on the remaining 


quarter mile pieked, probably doing 
about half and leaving the rest tobe 
recommenced on the following 
morning. 





Total,  ... 10 


From this Table it will be seen that the effective day’s work ‘will con- 
sist of one mile picked up, about Zths of a mile spread, and # of a milé 
rolled and finished. It must be borne in mind, however, that in a long 
lengih of read, although 3ths of a mile finished per day may and will be 
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frequently done, yet many causes of stoppage of the regular order and 
continuity of the work must frequently occur. Such, for instance, as (1), 

oacdsional repairs or adjustments of the engine; (2), feast days and holi- 
days when the full gangs cannot be collected, (8), very wet days, when 
they refuse to work; (4), very soft or very hilly portions of road; (5), ifs 
European Driver is employed, the difficulty of his always working the full 
ten hours per day, owing to the time he expends in having to go perhaps 
three to five or six miles to the nearest Road Bungalow for his meals. 
These minor causes of delay will, when added together, in a whole season's 
working materially affect the average length of road finished per day, and 
therefore, as before stated, I do not think that in practice over a long 
length of road it would be prudent to base calculations on more than from 
4 to 4 mile completely finished per day. Allowing 90 days in a monsoon 
working season, this gives 45 miles per year as the maximum of work to 
expect from one roller. 

Turning now to the Table, we find that the coolies must spread nearly 
half a mile of metal, say 2,600, feet in 53 hours; allowing that one man and 
two women will do 40 feet in a day of 10 hours, we shall require a gang of 
117 men and 234 women, independent of those required for spreading 
the moorum and for watering. 

The experience gained in the actual working this season appears to 
show that it is better to put down the moorum in several instalments ; after 
heavy watering much of the moorum is washed into the metal and towards 
the sides of the road, forming a liquid mass ; at first this should be swept 
back as much as possible over the drier portions. At first I was of opinion 
that more mooram than that usually allowed for hand consolidation would 
be required in consolidating by the steam roller, in consequence of the 
losses above referred to, ‘but subsequent experience has shown that with 
care and proper management the usual quantity is ample, or even less 
than the ordinary quantity, say one-fifth the volume of the metal might 
suffice if the rolling is done in rainy weather without artificial watering. 
The quality of the binding material requires more particular selection 
than in the case of a hand made road. In European examples I find fine 
sharp sand is recommended ; this, although it would undoubtedly be the 
best so far as the roller is concerned, would be objectionable in a hot and 
dry climate such as India ; pure débris of rock should alope be used, very 
particular attention being paid to its being perfectly free from earthy or 


230": «METAL CONSOLIDATION BY STEAM, ROLLERS, . 


clayey particles, as any small admixtore of these renders it. almost Jmpos-. 
sible to roll down, from ite sticking and clegging on the rollera. and. 
necessitating great quantities of water to wash away the impurities. . .. | , 
During the course of the work a number of different experiments were. 
tried as to the best metbods of proceeding with this work. It has been, 
found best to roll down the metal two or three times, in the 1st instance 
dry and without moorum, this has the effect of compressing the road 
together and turning the angles of the stones downwards, leaving fat sur- 
faces; about one-third of the moorum should now be laid down and well 
watered, if sufficient water be not added, the binding will adhere to the 
rollers and bring up large patches of metal with it, tearing up the road 
and rendering it exceedingly difficult to manage afterwards; it has been 
found that the proper point of saturation is only reached when the water 
will lie on the road forming a kind of banked up ridge in front of the 
rollers as they move over it, Far greater economy will be effected by an 
unsparing use of water than by suffering the delays and inconveniences 
due to a pasty and sticky condition of the moorum. Watering, therefore, 
must form in a dry season a considerable item of the expense of consolida- 
tion by the steam roller; this charge has not been experienced to so great 
a degree in England, owing to the naturally moist climate, the use of fine 
sharp sand for binding, and the fact that the operations hitherto carried 
on having been in or on the outskirts of towns, a supply of water from 
the mains is both easy and comparatively inexpensive. After the first 
instalment of moorum is laid the remainder is added at those points where 
it has been washed in or towards the sides of the road, and the watering 
is plentifully carried on until an average of six or seven rollings completes 
the consolidation ; should water be difficult to procure in proper quanti- 
ties after three or four rollings, rather harm than good will ensue if the 
rolling be continued dry ; nothing, therefore, in this case can be done, 
but either to procure the necessary quantity of water, or to finish the 
work by hand labor ; the previous three or four rollings and the conse- 
quent well compressed state of the metal renders this a comparatively 
easy matter, Regarding the question of water, it must not be forgotten 
that in ramming metal by hand, a quantity per given length equal to that 
required by the rolleg, may be requisite, but it is needed in smal] quantities 
extending over-along time. No greater absolute quantity may be required 
by tho steam roller, but she needs it in large quantities for a short time; 


METAL CONSOLIDATION BY STBAM ROLLERS. 231. 


thus, taking the quantity of water necessary to be supplied in one hour to 
a g&ng of hand-rammers, the amount to be supplied to the road in front 
of the steam roller in the same time will be as much greater as the speed 
of the machine is greater than the speed at which the gang of rammers 
will advance, or as, say, two miles to fifty feet, or thereabouts, or over 
200 times as much water in the same time; the total quantity of water 
used in both cases remaining the same. 

In a dry season, therefore, the supply of water becomes a very import- 
ant item. This year two ordinary watering carts (such as used for 
watering station roads) were employed, but proved to be quite insufficient 
for the duty required, both as to capacity and facility of movement on 
newly laid metal; a greater number constructed so as not to require turn- 
ing would undoubtedly prove of service and better in every way than 
watering by hand, and should certainly be provided next year. On an 
important road, where it was desired for several ycars to consolidate the 
maximum length capable of being done by the roller in one season, a 
traction engine and pump for watering purposes, as suggested by Mr. 
Davidson in his report, would prove as much a necessity as an economy. 
A san awning with purdahs more completely shutting in the sides of the 
roller should be provided for future work, together with the minor altera- 
tions suggested in Mr. Davidson’s report. In order to provide better 
against the sickness which the arduous nature of the work in the most 
unhealthy season of the year entails, all the Native engine establishment 
should be supphed with tarpaulins or some good waterproof coverings. 
The provision also of some kind of moveable habitation for these men, 
would also add much to the effective number of working hours, preventing 
the necessity of their having to go at night, often many miles, to the 
nearest shelter. The steering of the roller being a work .requiring some 
skill and practice it will be advisable to instruct as many of the Native 
establishment as possible, so as to provide substitutes in case of sickness. 
This season frequent trouble and delay was caused by steersmen becoming 
sick just when they had begun to steer properly. 


G. W. MaoG. 
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Report by J . ¥. Davinson, Esq., Assistant Engineer, Kamthi. 


The Steam Road Roller which has been at work on the Northern road 
during the past monsoon is one of two which arrived in the Division last 
year, both having been made by Messrs, Aveling und Porter. 

This Roller is 6-horse-power nominal with a boiler of the “* Locomotive 
type.” The cylinder is on the top of the boiler, the connecting rod work- 
ing on to a crank shaft with a pinion on one end working a second motion 
shaft, this shaft again communicating with the axle of the front rollers by 
& pitched chain, the result of this combination being 20 revolutions of 
the engine to 1 revolution of the front rollers. The trailing rollers carry a 
turn-table over which the framing of the engine is placed, this arrangement 
enables them to be turned by a steering wheel attached to the turntable. 

Holes are provided in the front roller for spikes which extend four 
inches radially, and are fastened by nuts on the inside. The Feed pump 
is supported on an overhanging bracket cast, on the bracket of the second 
motion shaft a coal box or bunker is supplied capable of holding three 
maunds of coal (English.) The total width covered by all rollers is 6 feet. 

A detailed description of the whole machine is unnecessary, and with- 
out drawings would be unintelligible, the* Photographs taken some months 
ago show the general design. As however, the above named parts of the 
engine must be frequently alluded to in this report, I have attempted a 
slight description of them. 

The roller was erected on the North bank of the Kanhan, 104 miles 
from Nagpur, and early in June was sent to Korai on the 58th mile, to 
await the commencement of tho working season. No difficulty or acci- 
dent of any kind was experienced during this journey. The waggon made 
in the workshop of the division was drawn by bullocks for the first 18 
miles. The read for the greater part of that distance being of soft 
kunker metal. 

The total weight at starting from the village of Amri, on the 14th mile 
Was -— 

Weight of roller, eee eos 15 «60 
Do. of waggon, = as. coe 1 10 
Do. of coal, oes ae 1 10 

Stores, scales and tools (about) 0 8 

Total about —s ov. “18 8) 
* Vide Frontispiece and Plate XVI. 
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The heaviest incline to be ascended, travelling in a Northerly direction 
is at Munser on 26th mile, which is 1 in 19, the 27 and 28 miles are 
comparatively level, and the 30th and 31st have inclines varying from 1-30 
to 1-16, this latter being a descending one going northerly. 

The actual rolling work began on July 19th, during that and the two 
previous days so much rain fell that very few of the people would work ; 
about'a quarter of a mile of metal had been spread, and on this I thought 
it better to begin rolling, although we had few people to continue the 
spreading. 

After passing the roller four times over each part of the road, the metal 
was found thoroughly compressed, and no good results were perceptible 
after a fifth trial,—I have no means of accurately judging the quaatity of 
rain that fell from 2-45 p. u., when we began rolling, until 4 Pp. w., when 
we left the roller for the night, but as it was heavy even for the monsoon 
season it may be taken at 1 inch. 

The next morning the heavy rain still continuing no coolies were at 
work, it was determined to try the picking up spikes. 

The wooden plugs in the spike-holes some of which were put in in 
England, and some here during the hot weather, were expanded by the 
rain, so that the greatest difficulty was found in getting them out; after 
about 2 hours work the spikes were in and the picking up commenced : the 
wooden plugs have not been used since, the work being done equally well 
without them. 

I then found from actual experience that, as I had expected, the wet 
weather is not the best for picking, for two reasons; the ground does not 
crack sufficiently, and the holes are filled up by the pressure of the trail- 
ing rollers passing over them. 

After a short time it was found that the coolies empleyed on the en- 
gine were quite unfit for work, on account of the long exposure to heavy 
rain, and some of the wood which had been stored in the wagon saturated 
to such an extent as to render it almost impossible to keep steam. 

Various circumstances quite unconnected with the roller delayed the 
work, so that it was the end of the month before this mile was finished. 

Scarcity of coolies caused by the demand for field labor, heavy rains, 
and feast days, are some of the difficulties met with at first starting. 

On 23rd July, the first quarter mile was topped with moorum, aud early 
on the morning of 24th was rolled again during a tolerable heavy shower ; 
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a few women were employed with the ordinary country “ Gurrahs” to 
throw water on where the topping was liable to stick to the rollers. After 
going twice over the road it was found to be perfectly consolidated ; this 
with previous rolling made six times the road was rolled. 

The remainder of this mile was finished without any artificial watering, 
and has remained in excellent order ever since. 

I have submitted the details of these, the firat few days work, at some 
length, as they were the only days that we had seasonable weather. From 
28th July until the 6th September we had no rain, and you ordered the 
work on the other miles to be finished by hand. 

The dry weather experienced in the months of August and September 
has been a cause of great additional expense and labor, so great had the 
scarcity of water become in the latter month that it was only with difficulty 
enough could be got for the engine: there is, however, little doubt that 
_ more experience has been gained and more reliable data arrived at, than 
if the monsoon had continued without intermission, when difficulties aris- 
ing from scarcity of water would not have presented themselves. 

Four kinds of fuel were used during the season viz., Wood, Chanda 
coal, Chhindwara coal, English (Hartley steam) coal. 

The details of the average working with each of these kinds of fuel 


with the number of miles on which accurate record was kept by each kind 
may be stated as follows :— 


Table of consumption of Fuel. 


Taste I. 


Pinca EDI 
4 


Number of |Aversge per} 1 mile Stock vais Cost of fuel 
times tra- nile once i mile 


velled over | finished rolled Meand rolied once 


Description of Fug) |-Number of 





| MAUNDS. | MAUNDS,| BS. A. P.) BS. A. P. 


5 6 461 | 768 |0 6 0/214 1 

Chhindwara, 4 4 30°6 7°65 140/19 9 0 
e ie Chanda, 3 4 is2 | 88 {1 4 014129 0 
é eae | Oh 6 110 | 188 |/2 2 o|su 4 


In the last column the cost is shown of rolling a mile once, which with 
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a roller 6 feet wide on a 12 foot road equals two miles actually travelled. 
I think this will give more reliable data than taking a mile actually con- 
solidated which will always be affected by a variety of circumstances such 
as the state of the weather, and the nature of the foundation of the road. 
The prices given are those at which the different kinds of fuel stand in 
the stock books of the division, and are rather higher than the market 
rates. If wood had been bought at the villages on the road and used as 
required, the cost would have been 4 instead of 6 annas per maund. 

Of the 16 miles operated on, five miles had a 4-inch coat and cleven 
had a 38-inch coat of metal equal to 2,783-100 enbic feet, and the expen- 
diture up to the ist October was Rs. 1,142 for spreading and incidental 
expenses, or an average of Rs. 0-6-6 per 100 cubic feet. From this and 
the Table of consumption of fuel given above, allowing one mile per day 
to be rolled six times, and adding Rs. 5 for engine expenses, we get a 
comparison of cost of steam and hand labor :— 














Tane IT. 

Total engi Sprendi Total 

onan Per pees of 100 cate 100 pats 

per mile feet feet 

RS. A, P. | RS, A. P, | RS, A. P. | BS, AP. 
1 Mile with wood, - «36 | 22 4 GLO 201066108 6 
Chhindwara coal, ee --|62 6 0105 8{|0 66/012 2 
Chanda coal, oe oe --/ 388 8 0} 0 81;)066109 7 
English coal, oe oe --| 28 6 01/02 7]06 6109 1 
If wood had been broughtasrequired,| 16 8 4/0 16106 6/1]0 8 0 


The rate for consolidation by hand in this division had never been un- 
der Rs. 1-8-0, including keeping the road in repair for two months. 

The results are independent of any expense for taking the roller from 
Kamthi to Korai and back again, and also for going over intermediate 
distances, as such expenses will always vary, and if taken into account in a 
record of experiments would give a fallacious result. As an example, on 
August 20th nine miles from Deolapar to Chorbowlie were travelled in 5 
hours with 14 maunds of wood, being at the rate of one maund 22 seers 
per mile. The speed was two miles per hour and half an hour was due 
to a stoppage for water. The difference of levels being 166 feet. 
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I would, however, state that these results must not be taken as the best 
that may possibly be obtained from the country coal, especially the Chanda 
coal, which if fired and treated like English coal gives but a poor result. 
When first tried in the roller on fresh metal it was only with the greatest 
difficulty, and with frequent stoppages that steam could be kept up at all, 
the fire bars were then placed wider apart, the ash pan removed, and the 
blast cock kept open, the result was o saving of 25 per cent. in the con- 
sumption, an indirect but considerable saving was also effected in time in 
getting up steam. With fire bars arranged as for home work, the time 
required for this work was nearly 14 hour, but when altered as stated 2 
of an hour was enough ; on one occasion I timed it and the pointer of the 
Gauge moved from Ibs. 20 to 50 tbs. in 24 minutes. From this I have 
little doubt but that more experience with this coal would enable us to 
considerably reduce the difference in performance between it and English 
coal, 

The Chhindwara coal is not in many ways so difficult to manage as the 
Chanda, but its liability to clinker is its great fault; any required degree 
of heat can however be obtained at first, but it is found-that as more fuel 
is added the heat is diminished and steam goes down, on account of the 
thick clinker on the bars and which requires considerable force to remove 
it. 

With the exception of a few pieces here and there all the road was 
picked up by the Roller. The way in which this is done by the spikes, 
already alluded to, is most effective and simple, starting from a given 
point, say a mile stone, and making two double trips, that is going twice 
up and twico down, tho whole surface of the road 12 feet wide, is com- 
pletely broken up and might be easily dug up with a spade. 

This operation, however, requires great care both from driver and 
steersman, the former must have plenty of steam and open and shut his 
regulator as the spikes get on hard or soft places, and meet with greater 
or less resistance. If this is not attended to, and the engine allowed to 
run, 8 great strain and sudden jerks will be thrown on the working parts 
which is not advisable. Even with very careful driving this is nnavoid- 
able to a certain extent, but all danger is avoided by care. 

On accurate steering also a great deal depends, more even than in 
rolling, as the spikes have a tendency to throw the roller slightly to one 
side. If this is not quickly counteracted, the holes in the road become 
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irregular, or in other words part of the road remains unbroken. Altoge- 
ther picking up is hard work for the engine and the people employed on 
her, especially when breaking ground for the first time and in warm 
weather. In some places where the road is harder than asual the spikes 
scarcely enter the ground at all at first, and this is the time of greatest 
trial, each successive trip becoming casier and casicr until the whole is 
broken up. 

The indirect saving effected by this operation will I think be greater 
than can be shown at first, but I have little doubt you will find the bene- 
fit to the road is in indirect proportion to the honest work of the steam 
roller, compared with the “ scamped,” and uncertain work of coolies, 


Comparison of cost of picking by hand and steam labor. 


RS, AS. P. 
100 coolies @ 2} annas per day, will pick up about a mile, 15 7 0 
For wages and stores 4 day, men, 
Roll picking after the roller, 6-8-0 
orn °° Wood, fucl, @ 6 aunas per mannd, 
(roller travelling 4 miles lineal, 5-12-2 





12 4 2 
Balance in favor of engine picking, 8 210 per mile. 





This is supposing that each cooly does over 50 feet, and the roller only 
picks up at the rate of 2 miles per day, which is as much as it is advis- 
able to pick up at one time. 

On the morning of 5th September I had a quartcr of a mile measured 
off on 27th mile, where the road passes close to the tank at Kandrie, 
with the intention of ascertaining the exact cost of artificially watering, 
and at the same time making a thoroughly good road. For this purpose 
16 women at 7 pice per day, and 7 men were employed with 21 gurrahs, 
and the time occupied was 5 hours. 

This delay was principally due to the fact that only two men can put 
water on at once with good effect, when the engine arrives at a placo 
where very little has been thrown down, it must stop for a time, or go 
back some distance; the latter is the better course as the steam is used 


instead of being wasted. 


Speed on the leyel is 2 miles per hour. 
5 hours x 2 = 10 miles distance due time. 
10 x 4 = 40 quarter miles lineal. 
40 


7 = 20 times over whole road. 
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As we know that with plenty of rain, as on the 57th mile, six times is 


enough, the roller travelled on this occasion = == 8-334 times more than 


necessary, and consamed therefore 3-334 times more fue] than was re- 
quired. If we take the present Bazar rate of wood, viz., 4 maunds per 
rupee as a standard, we have the following data :— 

Six times over whole road for one-fourth of a mile = 1} mile lineal. 

Fuel 7°69 maunds per mile, @ 4 maunds per Re. = 11:52 maunds = 
Rs. 2:88 per + mile. 

== 2°88 Rupces for one quarter mile finished without hand watering. 
2°88 Rupees x 3°334 = Res. 9:6 per 4 mile finished by hand watering. 
9°6 — 2°88 = Rs. 6:72 excess per + mile finished, 6°72 x 4 = 26°88 
excess per mile for fuel. That is at the rate of Rupees 27 nearly per 
mile for fuel, more when hand watering than when watering from rain fall. 

Independently of expense there is the time taken up; a most import- 
ant consideration when the short working season is considered. 

A. length of road on the 25th mile was picked up, spread and rolled 
with water, in the presence of Chief Engineer and yourself; as this was 
done purely for experimental purposes it cannot well be taken in compar- 
ison of cost. 

Water in rivers running at right angles to the road must I submit be 
looked upon as utterly useless for consolidation by a steam roller with our 
present appliances. I tried the experiment on the 41st mile, but the re- 
sult was so extravagant that in a very short time we stopped and put the 
people on to other work. 

Under any circumstances, one great objection to hand watering is the 
danger to the people employed. The necessity for giving a curved sur- 
face to the road, makes it advisable to have the water thrown on as close 
to the roller as possible. To do this a man must walk backwards at the 
rate of two miles an hour within a foot or two of the roller; should he 
slip the consequences would probably be serious. Further most of the 
water runs to waste; the work has to be done quickly and is unsuited to 
cooly labor, and could not be safely carried out at all unless under the 
supervision of Engineers or skilled European subordinates. 

The two water carts with iron tanks fitted with 14” pipes of the usual 
pattern were sent up, and tried on the 45th mile; but the water being 
very dirty the pipes were soon choked, and had to be discontinued for the 
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time. On the 41st mile they were tried again with slightly better results, 
as the water was clearer, in other ways the result was not satisfactory. 
Their weight when full of water is too much for an ordinary pair of bul- 
locks on fresh metal, who, try to go on the earthen sides of the road 
where the resistance is less, or if prevented from doing that lie down on 
the road. Half filled carts were tried, but with little better success. The 
necessity for turning round frequently, the obstinacy of the bullocks made 
worse by their fear of the engine, rendered the whole proceeding nearly 
useless. 

Having endeavoured to show the extra cost of watering by hand labor 
under the most favourable circumstances, and the impractibility of watering 
with an ordinary water cart, it is perhaps unnecessary to point out the 
difficulty, with our present appliances, of using water at any considerable 
distance from the road. The question then arises, is “ Steam Rolling ” 
unsatisfactory on the Northern Road except on a wet day? I think not 
with water carts, which could be made up in the workshops of the Division, 
and drawn by a 4 horse-power traction cngine: even in a dry season like 
the past, at many places along the road, water in sufficient quantities can 
be obtained to keep the roller at work anfd at her full speed. It would 
be necessary to make the carts so that they could be drawn in either direc- 
tion, turning on a narrow newly metalled road being undesirable, An 
engine if fitted with a pump, could fill the carts if the water was 100 feet 
from the road side or from a stream 20 feet below. During wet weather, 
water in abundance can be had within less distances than these, and should 
there have been no rain for a day or two, the ground would be sufficiently 
hard to enable the Traction engine to leave the carts, go any distance 
from the road, and fill the carts through a hose; or pump the water on to 
the road direct, according to circumstances. 

An engine of this sort could be used for general work as a portable 
engine for driving pumps, or as an ordinary traction engine, during the 
rest of the year. It could also be employed in transporting the coal for 
the use of the roller before the monsoon season, with more certainty than 
oan be done with country carts which frequently break down, and lose a 
considerable part of their loads. I may be permitted to say, in conclud- 
ing this part of the subject, that much better results would have been 
obtained, and s considerable sum of money saved to the Government of 
Tadia, if, in their numerous notices and circulars, the makers of these 
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machines had given some hints, however vague, of the quantity of water 
required for consolidation purposes. The use of these machines is quite 
new even at home, and when I was ordered to watch .the performances of 
this one and report upon it, I sought in vain for any information on this 
most important point. In the published copy of Mr. Avelings’ paper 
read at the society of mechanical Engineers this year, the subject is only 
casually mentioned although the other operations are accurately described. 

When the steam Roller returned to Kamthi, the rollers and other 
heavy portions were disconnected and wagon wheels having been placed 
ander the boiler and engine it was brought over the temporary Bridge 
into the Kanhin workshops for examination, repairs, and painting; this 
last being greatly needed, some of the parts having rusted considerably. 

With a few exceptions she is well adapted for work. The awning or 
cover shown in the Drawing is not large enough, it ought to be wider, 
end longer, with curtains at the sides to keep sun and rain off the men 
without interfering with their movements. 

The engine itsclf is strong and well proportioned and, as might be ex- 
pected, shows no symptoms of wear as yet. The original spur wheel for 
the second motion shaft was lroken in the voyage out. The one now in 
use was cast in Bombay and is not very well adapted for its work; the 
teeth are not suitable for those of the pinion, consequently both have worn 
considerably and more than should be for one season’s work ; it is possible 
that both whcel aud pinion may work for another season, but a safer way 
would be to get a new one from Messrs. Aveling and Porter before the 
monsoon. The bearings of both sets of rollers ought to have been fitted 
with brasses and better means of lubrication given. The front ones es- 
pecially have worn down considerably into the white metal, so that the 
axle has been rubbing on the cast-iron saddle on which the bearings are 
cast. “This can, however, be remedied for next season’s work, after which 
brasses should I think be fitted. 7 

The steering gear is hardly adapted for natives, and will I fear be a 
constant source of trouble for some seasons to come. It is not hard work 
for a European in a moderate climate, but requires a quickness of eye 
and hand combined with close attention, which it is difficult to find in the 
ordinary native. In an unhealthy season and on a road surrounded by 
dense jungle, like the Northern, the work is particularly trying; four 
ateersmen were rendered unfit for work by fever in the first weeks of the 
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season, and others after they had been taught and could manage to steer 
‘ tolerably well, refused to remain although paid much more than “ could 
get elsewhere. 

In future engines an alteration in the position of the fire door would be 
. advisable. This would enable a man to attend to the fire without interfer- 
; ing with the driver, who could then have all his attention directed to the 
' engine and be ready at any time to stop and reverse when required. This 
would be even more necessary were the speed of the rollers increased to 3 
miles an hour as purposed by Mr. O’Callaghan Jast year: in case of the 
roller leaving the road while going at that speed, the consequences might 
be serious if on high embankments, &c. 

A cock on the feed pipe close to the boiler is necessary, on this as on 
other engines at work in this Division where the watcr is impregnated 
with lime and other impurities: the cock should be made so that it can be 
used in three ways, viz., (1st), To shut off from the boiler and allow the feed 
valves to be taken out when steam is up; (2nd), To allow the water to be 
blown out of the boiler to clean the inlet ; (3rd), When shut and the pump 
started to allow the cold water to escape and not burst the pump or pipes. 
When the feed pipe was lately taken off it was found that the hole wae 
reduced to about half its proper area by incrustation. 

The means of access to pitched chain for driving is inconvenient and 
would be greatly improved if the top part of the casing could be easily 
taken off and larger oil holes drilled in the links ; only a few links can be 
cleaned and oiled at ono time, the engine has then to be moved and the 
operation repeated; with a casing made as suggested above, about one- 
third of the chain might be exposed at a time and the work of cleaning, 
&e., more carefully examined. The boiler is well proportioned and being 
fitted with a man hole in the smoke box is capable of being easily cleaned 
and examined. The foot plate should be widened about 12” on each 
side. This I consider, almost a necessity for this climate. 

The position of the feed pump might also be altered with advantage. 
The bracket on which it is now placed springs preceptibly at every stroke; 
if from bad packing or any other cause, the plunger met with undue re- 
sistance, the bracket would be extremely liable to break off. A pump 
bolted on the boiler direct would be much safer. 

Priming frequently occurs when going up gradients with the trailing 
rollers first. It is just possible that the designers never intended their 
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machine to work in this way; it is, however, absolutely necessary on our 
roads, (only 12 feet wide as regards metal,) and the difficulty only requires 
to be brought to their notice to be remedied in future engines. A larger 
smoke box would be an advantage; when working heavy gradients, the 
present one gets up to such high temperature as to endanger the lagging, 
and in one case this was set on fire. The chimney should be of wrought- 
iron, and not as at present of thin cast-iron, which is liable to be breken 
in many ways where a wrought-iron one would be safe. 

Besides the above, there are a few minor matters which would con- 
tribute greatly to the efficiency of similar machines and some of which 
might be advantageously applicd to the one now in use; for instance; (1), 
A, scraper on each side of the driving rollers ; (2), Steel instead of iron 
picking up spikes; (3), Clutch gear instead of the straps and buckle for 
holding the pinion in or out of gear; (4), Brass brushes for the driving 
roller bearings ; (5), The small rollers for supporting and guiding trailing 
rollers, put in more accessible or convenient positions ; (6), A blast cock 
which can be regulated from the foot plate. 

A. movable hut for the accommodation of the natives employed would 
be extremely useful, the frame work and wheels only would require to be 
strong. The upper part of galvanized iron with little or nothing of in- 
ternal fittings would be quite sufficient for their simple habits, 

A considerable saving would accrue from a hut like this, when it is ne- 
cessary to stop the engine for the night several miles from a village in a 
district known or supposed to be haunted by wild beasts. In such cases 
the men not unnaturally like to reach a place of safety before dark, and 
they leave their work unless well watched, a considerable time before they 
should do so. - 

For a similar reason, it is difficult to get up steam in the morning at an 
early hour: if the workpeople and firemen were hutted within a few yards 
of their work, the time available for rolling would be on an average two 
hours a day more than at present, and this nearly equals a quarter of a 
mile consolidated. 

A saving in wages of night watchmen would also be effected, two of 
whom are now required. . 

Some of the proposals and remarks which I have made above may ap- 
pear unimportant and superfluous at first, but when it is considered, that 
like all operations where machinery is concerned, the whole is only a 
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siccession of details, the failure of any one of which seriously affect re- 
sults, my suggestions will I hope be approved. 


Anpendiz by G. W. MacGeoros, Erecutive Engineer, Kankdn 

| Division. 

In accordance with your verbal instructions, before being brought into 
Kamthi the steam road roller was tried on a short length of road laid 
with kunker metal on the 16th mile between Kaithi and Doomrie. The 
length laid down was a little over 1,000 feet in length, and the thickness 
of the coat of kunkur 4 inches resting on an old kunker road. I person- 
ally inspected the whole of this operation, and I am of opinion that the 
results, although satisfactory, were not so much so in this case as when 
stone metal is employed. The metal used was that small hard field kun- 
ker found in generally rownd nodules averaging not more than an inch in 
diameter. The effect of passing the heavy roller dry over this metal was 
to bank it up considerably in front of the rollers, so much so as to render 
it at first very difficult to procced, and the road afterwards somewhat 
uneven. After four rollings the pieces of kunker sufficiently hard to re- 
sist crushing were, owing to their round form, completely unbound. I 
then laid down moorum and well watered the road and repassed the roller - 
over the length some seven or cight times, when, as the road appeared to 
be smooth and hard, the experiment ceased. A few days afterwards I 
found some portions had been cut up by the narrow wheeled traffic, but 
the general state of the metal was satisfactory; it has since required 
occasional looking after. I do not consider the experiment as in any 
way conclusive, as regards any decided inferiority of kunker used under 
the steam road roller, as compaved with limestone or granite metal, 
as I think that in the experiment referred to the kunker was too small 
and round; had pit kunker been used in large nodules I have no doubt 
that the roller would consolidate it rapidly and well. 

Close to Munser a short length (about 100 feet) of the road was laid 
down with fine river sand as a binding material; this portion has remained 
in very good order ever since, and particular attention will be given to 
observe its effect under the hot weather; the employment of sharp sand 
from ite not sticking to the rollers, is a great point in its favor. 

As regards the state of the whole number of miles of metal rolled this 
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season at the date of writing: From Doomrie to the 29th mile it has re- 
mained in very good order; the 30th mile has given some extra trouble 

which I attribute to the circumstance that most of this mile was picked up 
by hand, in order that the roller might commence rolling directly she 
arrived from Deolapar; the 41st and 42nd miles, the 45th and 49th 
are good, and the 57th particularly so; altogether, comparing these miles 
with others done in other parts of the Division by hand labor, I think 
there can be no question that they are better (with the exception of 
the 30th mile), and require less repairs. After the hot season I con- 
fidently anticipate that the state of these miles will more fully show all the 
benefit they have reccived from the weight of the roller, and that they 
will last longer than those done by hand-ramming. 


Note by Offy. Chief Engineer. T. W. Anmstrona, Esq., M. Ins. C.E. 
Nagpore, 1st June, 1872, 

The Reports submitted by Mr. MacGeorge, Executive Engineer, and 
Mr. Davidson, Assistant Engineer, on the above operations, are so full, 
clear, and detailed, that I find I have hardly anything to add to them by 
way of explanation. 

The question of consolidating metal by steam power is so important, 
that I do not hesitate to give the Engineer’s reports in full. 

In the opinions expressed I concur generally, except that in cases 
where water is scarce, and the rains scanty and intermittent, it will be bests 
T am confident, to roll the metal at first without any topping: and after 
this, to spread the moorum or gravel, and finish off by hand labor; four 
or five rollings should suffice. 

This sygtem is to be tricd this year, and I believe the results wijl be 
both satisfactory and economical. a 

It is very troublesome and tedious attempting to finish ib rolling, when 
the topping is: not what is termed slushed with water. In the absence of 
rain, a scanty supply of water renders the moorum or gravel topping sticky 
and greasy, it is then licked up in large patches by the rollers with masses 
of metal adhering ; this in a way destroys the consolidation effected before 
the topping was laid on. I do not think sandis fit for topping in this 
climate. 

T have already reported that I do not consider a steam roller suited for 
laying down first coats of metal on the fresh clay banks of a new road ;. 
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nor would it be a useful machine on a road which was not bridged gene- 
rally. If the roller was brought for work to a road, whose intersecting 
rivers and nullahs were unbridged, and the more numerous such gaps the 
more the delay and trouble,.it would have to be taken to pieces at almost 
all of these breaks, unless temporary tracks were constructed across the 
beds; and if the rivers held deep water, shipping and unshipping the ma- 
chine, even when in pieces, is a slow process requiring careful supervision. 

These rollers are not, as I state, very suitable for consolidating first 
coats of metal. If this were attempted in the monsoon season, at any 
rate in this part of India, they would sink into the fresh banks of earth 
and simply stick then and there,—on old embankments, consolidated some 
time, this evil would be felt less; but even on these, unless in compara- 
tively dry weather, delays and sinkings would be frequent. 

Once a first coat of metal is laid, then for all successive layers the 
rollers can be used, and I consider with considerable economy, much sav- 
ing in time, and sound honest work as the result. 

The Executive Engineer, in his report, shows the saving by stcam 
rolling to be. Rs. 143-9-0 per mile, under rather adverse circumstances, 
which he explains. He states also that when circumstances are favor- 
able, the saving effected amounts to Rs. 190-13-0 per mile over hand 
consolidation, and from these data he calculates that the steam roller 
recoups her original cost after consolidating 60 miles of metal, taking the 
average saving to be Rs. 160 per mile. This is a moderate and a safe 
calculation in my opinion. 

For certain reasons, not necessary here to explain, English, Chhind- 
wara, and Chanda coal were used for firing as well as wood. This has 
unavoidably run up the mileage rate for consolidation. ‘The Executive 
Engineer however shows that if only wood had been used, Rs, 29 per 
mile would have been gained, bringing up the gencral saving per mile 
over hand labor from Rs. 143-9-0 to Rs. 172-9-0, 

When consolidation by the roller is carried out during sufficient rain- 
fall, the Executive Engineer in his report (vide Table C.,) states that a 
saving of ovor Rs. 200 per mile may be obtained over the cost of hand 
labor. | 

Picking up the road before laying down the new metal is an indispen- 
sable operation. It is fully explained both in the Executive Engineer's 
and in Mr. Davidson’s report, that a gain of Rs. 8-2-10 per mile is 
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" effected by the roller, or as Ra, 15-7-0 (the cost of hand labor,) is to sy 

12-4.2, (the expenditure with the engine). . >t 

The end of Mr. Davidson’s report, is of much interest; it contains the 
opinions and proposals of a man who understands his work thoroughly, 
and who has taken great pains to carry out successfully and economically 
the duties entrusted to him. 

I concur in all he states, and I recommend that a copy of his report 
be sent to the makers of the steam roller, Messrs. Aveling and Porter, 

The “ Appendix” by Mr. MacGeorge gives information regarding the 
consolidation of some kunker metal by the roller; the result was favor- 
able. I believe pit kunker can be as cheaply and solidly consclidated as 
stone metal ; I can see no reason why this should not be so. 


Remarks by Mussxs, Avetine & Porter on Mr. F. Ll. O’CatLaGHan’s 
Lteport and Suggestions.* 


Respecting the awning mentioned in para. 19, as being desirable to 
protect the driver and steersman from the sun, there is no difficulty in 
providing a simple and efficient one. 

Para. 20, suggests that the rollers should draw behind them a supply 
of fuel for one day's consumption and carry in their bunkers safficient for 
a run of two miles. ‘The machines are already fitted with couplings for 
drawing wagons behind them, and a suitable one can be constructed at a 
cost of £45. The coal bunkers can be enlarged as desired without any 
inconvenience. 

The foot plate can be made wider as proposed in para. 21 of the report. 

Regarding the desired alteration in the speed gearing of the machines 
alluded to in para. 22, we shall take care that any future rollers ordered 

of us be arranged to travel at from 3 to 34 miles per hour on good roads; 
this is a higher speed than draught horses generally maintain; and be- 
yond it we consider that it is not prudent to work such heavy machines 
on ordinary macadamised roads. 

Para. 28 advocates the substitution of double for single cylinder en- 
gine and the removal of the existing fly wheel. In considering these 
recommendations we incline to believe that a little longer acquaintance 

* Vide, P. P. Firat Series, Vol. VII., page 145. 
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awith: ees ‘irsecit rollers would modify the Hngineer’s opiniom of the. Te 

‘ative value of the two kinds of engines. We have found in the course of | 
gk: ‘long éxperience in the use and construction of engines for common roads, 
that kingle cylinder locomotives are much more economical, more power- 
ful, lesa complicated and consequently less liable to get out of repair than 
are double cylinder engines. It is also to be observed that after 2 or $ 
day’s practice single cylinder engines can be handled as easily as double 
cylinder engines. 

The.remarks, it must be added, apply chiefly to engines of small power, 
such as are those that drive our 15 ton rollers, to these it would be diffi- 
cult to apply two cylinders and retain at the same time the simplicity and 
strength of the existing gearing. To larger engines there would not be 
attached the same inconveniences in the use of doubie cylinder gearing. 

The fly wheel, to which objection is taken, can casily be so covered in 
as no longer to prove the danger to horses it is now alleged to be. It 
should be borne in mind that its removal would diminish the gencral 
usefulness of the Engine, inasmuch as without it the Roller cannot be 
used as a stationary engine for driving, pumping, sawing, stone breaking, 
or other machinery, and for which it is now properly adapted. 

If the engines be made of greater horse-power, as suggested in para, 24, 
the rollers should also be made larger in diameter, say 6 fcet in place of 
5 feet as now constructed. This alteration would matcrially reduce their 
liability to sink into newly made roads. 

The inconvenience pointed out in para, 25, arising from the present 
construction of the ash-pan, shall be remedied in future. 

In conclusion, we would add that it will be our study in tho event of 
receiving further orders from you, to entertain, and whenever practicable, 
carry out any suggestion from the Engineer in charge of the Rollers, tend- 
ing to the improvement in their design or convenient alteration in details 
of construction. 
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No. XXIV. 


‘ON, THE MOVEMENT OF WATER IN. ‘PIPES, caine ; 
AND RIVERS. cn 


Adapted from articles in the “ Ponts et Chaussées,’ Bx Lisur, W. 
G. Ross, R.E. 


I. Dubuat established two principles, which have up to thé present 
time served as the basis of research in all enquires into the laws of the 
movements of water in canals and rivers. These two principles are— 

1. The moving force, which each of the molecules of water that 
compose a river has, arises only from the surface slope, 

2. When water moves uniformly the resistance it meets is equal 
to the accelerating force. 

He further established that these retarding forces which aes: the 
motion of the water uniform are independent of the pressure, If then 
the action of these forces is to be attributed to the nature of the bed they 
cannot be exactly compared to the friction that takes place between solid 
bodies; they should be considered as of the same order but of an essen- 
tially different nature. 

Dubuat’s general formula for flow of water in all channels is 


207 (n/r Ol) 03 (7/7 — 0 
A Vem log ver Te 0°8 (n/t 011) 





in which 
V == mean velocity ‘a inches per second. 


r == mean radius or hydraulic mean depth = 


— == the slope. 
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The unit of length is the inch. 

Irrespective of the practical difficulties that attend the employment of 
this formula it was soon discovered to be insufficient to represent the law 
of water-flow. 

II. M. de Prony starting with Dubuat’s principles, and observed facta, 
endeavored to establish another formula. 

He assumes that the nature of “lining,” or surface of the bed of a 
‘water conduit has no influence on its flow, and that the movement is pro- 
dared. by very thin strata of water, such strata being parallel to the slope 
of ths bed and of ah uniform velocity. The formula put forward by ‘hin 


was 
Ait=xf(v) 


A = area of section. 
==: slope or fall in unity. 
% == wetted perimeter. 
v =z velocity at the bed or bottom. 


Making. = == R, and expanding f(v) according to the first powers of’ 


‘the variable, which again he replaced by the variable U, he obtained the 
equations 


where 


RI =aU + 5 U? 
the coefficients “a” and “b” being determined from a cerjain number 
of experiments of Dubuat’s by the method of mean squares. M. de Pro- 
ny did not delude himself as to the scientific value of his formula. He 
chad admitted with Dubuat that the mean velocity was a function of the 
‘bottom velocity quite independent of the dimensions and slope of the 
canal, ‘““However,” says he, “it is difficult to persuade oneself that 
these various elements have no influence on the relations between the 
‘bottom, mean, and surface velocities ‘‘ Mais il fallait pourvoir aux besoins 
de la pratique ” (Recherches sur la Théorie des eaux Courantes, 143.) 

Everything on the subject of the employment of the formula of M. de 
Prony and of Eytelwein (the formula of the latter is that of the former 
in another form) that can be said, has been said by MM. Darcy, Dupuit 
and Bazin. They have unanimously condemned it. 

Til. MM. Darcy and Bazin, after investigating experimentally the 
influence of the nature of the bed, attempted to resolve the problem by 
transforming the formula of de Prony, so that the co-efficients might 
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‘vary with the mean radius and the nature of the surface ofthe éhannek - 
‘The result of the researches of M. Bazin are given by Col. Anietwon, 
R.E., in No. OXCVIL. of the Professional Papers on Indian Engineering 
[First Series,] Co-efficients varying with both these elements at one andl 
the same time are however unsatisfactory; they are, in a way, evident 
proofs that the general formula does not apply to tlfe nature of facts. “M. 
Gauchler, an engincer of the Ponts et Chaussées, on taking this into con- 
Rideration was induced to believe that there must exist some simple alge- 
braic relation containing only one co-efficient affecting the mean radius and 
variable with the nature of the bed, which should represent the phenome- 
non of the movement of water under every condition. The method 
adopted was synthetical, and extended over a long period of searching 
experiments. 

IV. M. Gauchler, acting under the advice of M. Dupuit, worked 
on the experiments recorded by M. Darcy at Chaillot. These experi- 
ments were on pipes, and they were carried out under many and various 
conditions of diameter, slope, and nature of material. M. Darcy had 
proposed on the teaching of these experiments to modify M. de Prony’s 


formula 
RI = aU + 6U? : 
so as to make 


azat i 


b=a'+ £ 
a, a’, 3, G varying with the nature of the channel. He also in order to 
do away with so many co-efficients proposed two other formule 
RI = 4,0?, and RI = aU 
the second being employed only for all velocities less than 0°328 feet per 
second. In these formule 6 and a are variables and functions of R 
Hence he has in these formule given to & the form 


beatf 


and in searching for values of a and 6 applicable to pipes whose channels 
are covered with deposits (depots) M. Darcy has evolved the following — 


b, = 0°00051 + Ac 


As however these experiments were all an on pipes whose diameter 
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was téver’ greater than 0°80 feet, they cannot be used for ‘iabeties of 
discharge in pipes whose diameter is higher, the more especially. as.the 
“formule of Darcy, although unlike the formula of De Prony in being 
‘based on a larger number of experiments, are similar to these in. being 
not& the less deduced from a preconceived formula, the co-efficients of 
which have been applied by interpolation to the experiments giving the 
formule of Darcy. 

V. The system adopted by M. Gauchler was to study in great detail 
pipes of the same diameter and material under various conditions of 
velocities and slopes, and then keeping the slope constant to study the 
velocities and diameters under varying conditions. By these means he 
hoped to express the relation existing between these three terms by one 
general formula. 

But he also approached the subject theoretically in the following 
manner :—As the action of the molecular re-actions was quite indcfinite, 
he put this term aside and only took into consideration the movement 
of the centre of gravity of a molecular fluid.. This movement being in- 
dependent cf the molecular reactions, it was clear that the nature of the 
material of the channel alone affected it. The retardatory force of the 
channel is due to its uneven surface, against which the molecules of the 
liquid impinge, and from which they rebound in opposite directions, as 
they are elastic. These molecules again act npon and retard others. 
The sum of resistances thus produced is similar, therefore, to the shock 
of a fluid vein against a plane normal to its direction. 

If the asperities of the channel are equally distributed over the wetted 
surface, and if the velocity at the channel is para'lel to the axis of the 
pipe, the sum of the resistances is evidently proportional 1o the sarface 
wetted, and to an unknown function of the velocity at the surface of the 
pipe. This velocity M. Gauchler admits, as did de Prony, to be a 
function of the mean velocity independent of the diameter or slope. 

Let D be the diameter of a pipe. 

L its length. 
'V the mean velocity per second. 

The resistance which such a section of the pipe opposes to flow can 
be expressed by 

a DLf(v) 
But this resistance is also equal to the impulse the liquid receives from 


242 ON THE MOVEMENT OF WATER IN PIPES, ETO. 


its weight and if to traverse L the liquid descended from a height. A, 


the liquid would produce a shock measured by the expression 
a ee ed. te . hae Do igi Se ae ee 
Be tance Oo Mee DLS (0) & 3 Dt / BH 





rr us take the unit of time as one second, Let. @ be, the. angle pe 
the slope L and L the length of pipe traversed in one second, then. 
| Lov, and H = v sin 6. os, Pe 
Substituting these values in preceding formula, and simplifying, we: get | 


: jovu= — 4 D a/ 2gv sin 6 sin @ CORREA OF COORUOE CELE re 
If 6 is so small that we can substitute the tangent for the sine we cam 


express equation (a) in the form 
LOD GD A Tevesssesesrsessnssonrnnensee( 
Such would be the law of the movement of water if the hypotheses 
were rigorously true. But it is evident they are not. The threads or 
veins of water in » pipe do not all flow parallel to the axis, but rebound 
from side to side, so that even if a channel of perfectly smooth surface 
could exist, these would always exist from this cause a retardation of flow. 
VI. After vain efforts to express the first term of the last equation as 
a function of the second, M Gauchler was induced to try emprmaly the 
formula 


a/v = b VD /1 senececeesecsccscescscssces( a )s 
considering the 4/> in the denominator of Ist term of (1) as an indica- 
tion that f(v) might be irrational. 

Using this expression to 56 experiments of Darcy’s made with cast 
iron pipes, M. Gauchler was induced to modify it to 
Nv a ND ae DON DfT essessasessee (8). 
where a and } varied with the diameter. As it was necessary that 6 
should only vary with the nature of surface of channel, he modified “ 
further into 
Net D Av RaW DT eveeeessseseeee(Ale 
It is unnecessary to reproduce all the experiments of M. Gauchler with 
this formula, and other modifications of it; they showed during investi- 
gation that he approached nearer and nearer the desired formula. 
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VIE An expression exact enough to resolve all cases of ‘ordinary ov 
currence in practice was at last obtained, This was 


fet LD Jeu = « /D. /* meee 


Vvdiely ths formula did not apply to very slight slope,” Ai a ‘tach 
owing ‘0 ‘capillary action in every pipe the velocity becomes nothing before 
the slope is reduced to zero. The formula (A) may be more onsely 
expressed 7 


[ora [one/ /» /[t=6 eee): 


B | representing ‘ the capillary attraction. 
Now, Laplace has established that the force of capillary attraction acts 


inversely as the diameter, so if N be the force 


™ 
N=5 


in being a constant depending on the natures of the liquid and channel. 
M. Gauchler determined a value of 6 which gave sufficiently accurate 
values for water 
0-0000066 
B — i 

This gives, it is said, very fair results. 

As, in practice, velocities of 0-328 feet per second, or slopes gentle 
enough, and diameters small enough to enable 6 greatly to affect the value 
of I are rearly met with, 8 can be neglected. 

The formula to be used therefore is (A). M. Gaucller with this formula 
went into a great many recorded experiments which it is unnecessary to 
transcribe. The results for iron pipes were e:minently satisfactory. ‘Chose 
for pipes of sheet iron and bitumen are not so satisfactory. The explana- 
tion of this is that pipes of the latter materials became affected by the 
continual -passage of water, and gave varying results. The temperatures 
at time of experiments also affected these pipes considerably,, In lead 
pipes the most satisfactory and even results were given, when the velocity 
exceeded 1:64 feet per second. Water moving at this velocity seems to 
give lead a high polish. It is a curious fact that the value of a for 
glass pipes is not co high as that for lead. This was probably owing to 
the necessarily uncertain shape of the glass tubes; indeed an element of 
uncertainty is introduced into all the experiments by this and other con- 
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ditions under which the experiments were conducted. The pipes were 
ordinary cast-iron pipes except that the joinings were carefully made; the 
dimensions of each pipe were not constant; in those of slight slope and 
sluggish flow silt was constantly deposited, &c., &c. It is said that the 
formula very accurately for all practical purposes represents the flow of 
water in pipes. 

It remains only to add a table embodying the results of M. Gauch- 
er’s investigations. If the co-efficient for pipes lined with silt be taken in 
calculating any problem of water supply, it is evident as a is here at its 
lowest that we shall always be on the safe side. For pipes of small 
diameter the term involving the 4th root of v can be neglected. 


aes a spats), <2 ee 
Formula Jo+ tajesa dp Jt 

















No. of Diameters Slope in 
Description of channel, experim ents.| pipes in er a one | Value of a 
j | ; 
| 0°27 fect 0:0002 feet 
Cast-iron pipes (new), + 40 j a we P 6625 
1:64 feet 0°17072 fect 
0802 feet 0°00028 feet 61 
Do do (old but clean), 16 to to to 
O'OT4 fect 0°11348 feet 6°3 
07118 feet 0'00025 feet | 
Do do (lined with silt), op to to 55 
O'798 feet 013981 feet ( 
0088 feet 0:0002 feet 
Sheet-iron and bituinen pipes, 41 ‘ to to 7:0 
0°935 feet 0°30714 feet 
0°04 feet 0'00022 feet ) 
Wrought iron pipes, es 38 to to ( 6-4 
0°13 feet 0'34426 feet | ‘ 
0-046 fect | 0:00044 fect 
Lead pipes, ee ee 21 to to 70 
| 01345 feet | 0°16148 foet é 
( 000096 feet 
Glass pipes, ee ae 6 0°1 63 feet to 67 
1 011191 feet 


The above formula is expressed in French metres. 
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Movement or Water IN opEN CANALS AND RIVERS. 


I. We now come to the consideration of flow in open channels. 

A very few years ago there existed few and very limited recorded 
experiments on the flow of water in canals and rivers; these, moreover, 
were inexact from various causes. These remarks apply to the experi- 
ments conducted in Germany by Briinnings, Woltmann, and Funck, ta 
those of Dubuat, and in a less degree to those of Baumgarten, Emmery, 
and Léveillé. It became evident that the want must be supplied. A 
very careful series of experiments under the able direction of M. Darcy 
and M. Bazin was put in hand about the year 1856. M. Darcy unfor- 
tunately died in 1858, and on M. Bazin fell the duty of finishing the 
work. In 1863 a committee of Engineers presented to the Académie 
des Sciences a report on these collated Jabors. This report has been 
translated by Colonel Anderson, R.E., and will be found in No. CKCVIL., 
of the Professional Papers on Indian Engineering [First Series}. 

II. M. Gauchler takes these experiments of M. Bazin, and as before 
in the case of pipes, deduces a law of motions for canals and rivers. He 
bears testimony to the singular exactitude of these experiments. 

At commencing M. Gauchler was induced to imagine that the law 
regulating the flow of water in open channels must vary considerably from 
that affecting flow in closed channels. M. Bazin had thought so also. M. 
Gauchler, however, in the course of his investigations, found that the laws 
of flow in closed and open channels were very similar, except that the 
latter were of a simpler character than the former. 

III. He commenced by taking series of experiments of MM. Darcy 
and Bazin, in which the slope had been greater than 0:0007 in unity; he 
found the invariable law for the same channel, and for a constant lining 


of the channel was that the expression 2/ KR 4/ I, (R and I being as 
before,) varied as the square roots of the mean velocities. Thus taking 
the first of the series of experiments reported by MM. Darcy and Bazin 
which were carried out by M Baumgarten, he obtained the following very 
satisfactory results. 

The correspondence between the figures in columns 5 and 6 is remark- 
able. It is to be observed that the numbers of the above recorded ex- 
periments are those of the Darcy-Bazin sories. The experiments were 

VOL. I.—BECOND SERIES, 2c 
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all ‘carried ont in the same portion of canal, and consequently the nature 
of the channel was the same in each. 


Isr Sznzes. 








xo. | RB | . Us | fo | TEx AR YL 
Ty 2 [ 8 [| 4 fF BY 6 

8 | 02158 | 0-029 8428 1850 1°810 

4 { 01876 | 0-060 4°946 2°06 2074 

& | 02686 | O0121 | 2°312 1520 1°568 

6 | 02545 | 0-014 2°49 1549 1591 





M. Gauchler basing his hypothesis on the evident accord of columns 
5 and 6 in above table, assumed as his touchstone for the other recorded 
experiments the formula 


Jvo=zaVR VL 
Tt will be observed at once that this equation is of the same form, but 
simpler than that for pipes. 

IV. With the view of investigating the action of the channel lining, 
MM. Darcy and Bazin had experimented on rectangular canals of equal 
dimensions and slopes, but with the sides and bed of different materials. 
The canals were formed of planks, and were revetted with 

1. Plaster coating. 

2. Bricks laid flat. 

8. Small gravel 0°4 to 0°8 inches in diameter set in cement. 

4, Large gravel 12 to 1°6 inches in diameter also set in 
cement. 

Most oftéfully gauged and constant supplies were run through these 
channels and observations recorded. 

M. Gauchler takes a series of these which have been condensed below 
into an abstract. 
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SeRrEs No. 2.—RECTANGULAR CANAL PLASTERED, 





































































































0°0511 1018 Never above 0°084, 
12 ta 0°0049 to 10° 
0°2128 2'460 generally much lower. 
Sze21xs No. 8.— RECTANGULAR CANAL IN BRICK, 
00586 0°839 Never above 0°045, 
12 to 00049 to 89 
02374 2-047 generally far lower. 
SERIES No. 4.—RECTANGULAR CANAL REVETTED, SMALL GRAVEL 
0°0761 0°658 Nover above 0:015, 
12 to 0:0049 to 7'5 
02772 1:897 generally lower. 
Sexes No. 5.—RECTANGULAR CANAL REVETTED, LARGE GRAVEL. 
0:0888 0°547 Never above 0°073, 
12 to 0:0049 to 68 
03009 1-493 generally much lower. 
SERrEs No. 6.—RECTANGULARB CANAL OF PLANKS. 
00733 0°635 Never above 0:017, 
12 to 0:00208 to 9° 
0:2809 1:5687 average much less. 
SeRizes No. 7.—RECTANGULAR, CANAL OF PLANKS. 
0°0578 0826 Never above 0:031, 
12 to 0:0049 to 9°2 
0°2215 2°179 generally much less, 
SreRrEs No. 8.—RECTANGULAR CANAL OF PLANKS, 
0°0447 1074 - Never above 0029, 7 
12 to 000824 to ad 94 
0°1919 2°612 generally much less, 
Serres No. 9, 10 and 11.—RECTANGULAR CANAL OF PLANKS, 
7 0:0524 00015 0°548 90 
each to to to Never above 0°035, to 
0°3042 0°00839 2°664 9°4 
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V. The agreement between the values of a/e given by sxperiencs 
and those involved from the formula of M. Gauchler are quite Temarkable, 
especially when it is considered how subject to error, owing to the surfieg 
of a liquid in motion never being plane bat undulating all ‘tad ni | a 


of slope and wetted perimeter are. 
The values of a decrease as the resistance afforded by the material of | 





the channel increase, so that 4 ~ might be called the co-efficient of resistance 


It may be noticed that the variation in value of a for the, planked 
channels is explained to be due to the nature of the planks in all series not 
being identical. 

VI. M. Ganchler next investigated whether the form of the profile of 
the channel affected these values of a. He took up for this purpose the 
series 18 to 29 of MM. Darcy and Bazin. It does not seem necessary 
to reproduce these here. It may be sufficient to say that M. Gauchler 

found, as indeed the investigations of M. Bazin had gone to prove before, 
that the value of a, and therefore of the mean velocity, were independent 
of the form of ‘he profile. M. Dupuit, as quoted by M. Gauchler, had 
concluded theoretically that the profile did affect the mean velocity, but 
M. Gauchler’s calculations and investigations do not justify the theory. 
Col. Anderson in the number of the Professional Papers quoted before, 
shows however that the circular form of section does offer, other things 
being the same, a sensibly smaller resistance than that offered by an an- 
gular profile. 
VII. It may be useful to recapitulate the points investigated by M. 
Gauchler. From the first to the last, and working with recorded and 
carefully made experiments, he proves that the most remarkable agree- 
ment exists between experimental values of the velocity and those calcn- 
Jated by his formula; such an accord is not fortuitous, and would tend to 
convince us that the law of water-flow is given by his formula. On 
comparingghe different values of a we see that this co-efficient varies only 
with the nature of lining of channel, and that it has no connection with 
the slope, nor with the mean radius, nor with the form of section ; or if 
this Jast has an influence it is insignificant in practice. 
Before passing to the study of works that are more often met with in 
practice than are canals of the kind that we have been studying, let us 


resume the result of M. Gauchler’s investigations. 


ON THE MOVEMENT OF WATER IN PIPES, ETC. 249 | 


The formula is for French measures (metres) 


' begets 


andt the following table gives the values of a for various lining eae 
ee Ce 











Nature of channel. | Values of a. 
‘Very smooth wood or plaster, ... 9 see see tee we 100 
Bricks set in mortar, ove eee ose aoe ees ose 89 
Rough gravel (fine), ... 2. vee, tue teers 75 
Ditto ditto (course)... nena cette ee 68 
Planks, eee eos ee5o ees eee ene poe cee. 9°3 





ee eRe ee Ee one eee 

To apply these values of a in practice it will be necessary to use them 
only where the channel is free from weed or silt. The presence of these 
very considerably affects the value of the co-efficient. 

IX. Up to the present, the investigations have only treated of slopes 
greater than 0-0007 in unity. In extending his investigations M. Gauch- 
ler found that the formnla did not apply to slopes less than this. He 
was therefore induced to modify it Cate to 


Vom aJnvi 


He applied both formuls to many er sme such as the “ Rigole de 
Chazilly,” the “ Rigole de Groisbois,” &c., under various conditions of slope 
and nature of lining, and he found that saint the inclination was Jess than 
0:0007 in unity, the formula containing the fourth root of v gave almost in- 
variably in a vast number of trials the better results. He admits that 
the limit of the application of either formula may under certain conditions 
not be 0°0007 slope, and that this turning point may have to be mo- 
dified at some future day, but it is a point, as he says, that “‘the future 
will have to resolve.” 

X. The various series to which he applied this latest formula are not 
abstracted here; it is sufficient to say that the formula was found to apply 
to new experiments as well as to the results of older experiments. 

XI. In the application of the formula to experiments conducted by 
various other Engineers, M. Gauchler rejected the experiments of Funck 
Donati, and those of the Roman Ponts et Chaussées, as all these experi- 
menters had not a sufficiently accurately gauged mean velocity. He 
found however that the experiments of Dubuat, Woltmann, Poirée, 
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Emmery, and Lévéillé were fairly accurate, though not quite up to the 
standard of those of Darcy and Bazin. The experiments of Dubuat on 
the Cunal de Jard, those of Poirée on the Seine at the bridge of Jena, 
those of Emmery on the Seine at Poissy, and those of Lévéillé on the 
Saone at Raccounay, were applied to the formula applicable to slopes less 
than 0:0007, and were found to agree very fairly. It should be noticed 
that only in the last two series of the above-mentioned experiments was the 
mean velocity directly deduced from observation; this mean velocity was 
obtained in these cases by observing velocity at various vertical sections of 
the river profile. This though not a perfectly accurate way of obtaining 
the mean velocity, is the most accurate way of obtaining it for large rivers. 
Care was taken to register the fluctuation in rise and fall of the river, and 
it was found that where the observed mean velocity differed in any unusual 
degree from that calculated by the formula, the fluctuation in the level of 
the water surface had been considerable. 

XII. M. Gauchler concludes his article with some interesting re- 
marks, whieh are translated at length. He says:—“ It only remains for us 
to try and explain the singular variation in the laws of water movement 
that we have discovered. Why does one formula represent the movement 
up to a certain point and another the law of motion beyond this point ? 
Does water move in two ways? Experience seems to say so. One 
point particularly strikes us after considering the experiments of MM. 
Darcy and Bazin, and this is the permanence of rapid slopes irrespective 
of changes in the mean radius. The superficial slope of water seems 
determined by that of the bed; it is the same as the bed slope, and 
continues invariable whatever the thickness of the cushion of water. Ags 
the velocities on any vertical line are distributed in various ways, it 1s con~ 
ceived that the molecule animated by the greatest velocity passes that 
below it which is subject to a less velocity and obeying the law of gravity 
falls in front of, or as it were, rolls over the latter. But as this pheno- 
menon is produced in all molecules of superior velocity, the molecule of 
maximum velocity ultimately comes into contact with the bottom follow- 
ing some curve which cannot he determined in the present state of 
science. It follows, therefore, that the movement consists of a rolling of 
the molecules so that they all successively touch the bottom whence by their 
elasticity they rebound to the surface. In canals of slight slope we see 
on the contrary that inclinations vary independently of the slope of the 


meanewerss ~~ - 
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bed and with the mean radius. Thé molecules seem to move by virtue 
of the pressure of those above them, which pressure in each profile i& 
slightly greater than the reaction of the molecule below. In this way the 
water moves in strata of equal velocity, and slides or rolls horizontally 
and not in a curve line, Experience seems to confirm these hypotheses. 
Every one has observed that bodies that Hoat when immersed in a rapid 
current alternately appear at the surface, and disappear towards the bot- 
tom, while in rivers of low velocity, they appear to move equally and steadily 
on the surface. In the first case the velocity is proportional to the square 
root of the slope, in the sccond to the slope itself; and as these slopes 
are always inferior to unity, it follows that the movement of rolling is 
more rapid than that of sliding. It follows from this that at the point 
where river floods pass from the first to the second movement there is 
great agitation of water which is liable to cause an inundation at this 
point. Applying this observation to the Rhine, we find that the slope of 
0:0007 is found near Rhinan, o place celebrated in the records ot Rhine 
inundations for its misfortunes. ” 

It is a matter for regret that MM. Darcy and Bazin did not also aks 
experiments on canals of low slope. They had no reason to suppose that 
the law of water-flow varied as M. Gauchler now appcars to prove is the 
case. Such experiments as M. Gauchler made with the view of verifying 
‘his second formula were on small water-courses of the Rhéne canal, 
which naturally did not give such satisfactory results as canals specially 
designed for experiments would have given. M. Gauchler hopes that 
experiments equally exact as those of MM. Darcy and Bazin may be 
carried out in order that his second formula, which is the more imporiant 
of the two, may be verified. In conclusion, let us resume the results of 
M. Gauchler’s investigations. 

The two formule to be used for canals and rivers are in French métres. 

1. When the slope is greater than 0°0007 in unity. 

Sv szaNV RAL 
2. When the slope is less than 0-0007 in unity. 
Jo =BN RAT 
These formule are only particular cases of the general equation for pipes. 


Vor ef me ‘Jp ft 


- The co-efficients affecting the second members of these equations vary 
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with the nature of lining of channel, but are independent of all other con- 
ditions of flow. 

The table below shows the values of the co-efficients to be employed in 
each formula for canals and rivers :— 


Nature of channel. | a. B. 


Mesonry (cut stone and mortar), «> | From 85 to 10-0 From 8°5 to 9:0 


Good masonry, .. a és ae » 76, 85 » 80 ,, 85 
Masonry sides ; earth bottom, .. 5 » 88, 76 » 7 4 80 
Small water-courses in earth free of weeds, » 5&7, 67 » 0 , T7 
Ditto do. grass on slopes, » 50, 57 » 6&6 ,, 70 
Rivers, 2. se une ls Nil. » 63 , 70 





For English measures (feet) the formule will be 


(1) [= 1-219 a / R/T 
2) /o= gor’ [w/t 


Seated 


W. G. R. 


Since writing the above a note on employment of" the formule of M. 
Gauchler by M. Stapfer, Engineer of the “ Ponts et Chausseés,” publish- 
ed in the volume for July 1869, has appeared. 

M. Stapfer carried out some experiments on open canals lined with 
masonry, taking off from the Marne. In one case the canal was 8 métres 
or 26°25 feet wide at the bottom, with a depth at low water of 1°75 métres 
or 5:74 feet, and at high water of 4:25 métres or 13°94 feet. This canal 
was navigable and also worked a water wheel. The maximum surface 
velocity allowed by the grant or “ concession” was 0°55 métres or 1°8 feet 
per second. The corresponding mean velocities to give the surface velo- 
city and values of I deduced from De Prony’s formule were, therefore, 


metres. 
In low supply, mean velocity, .. .» 0°484, and I-0°00006444 
In high We ee e+ 0°434, and I-0:00008807 


If in M. Gauchler’s second formula these values of I be substituted, 
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md 3 be taken a+ 85 =z 8°25, the mean velocities given would be 


In low supply, es ee oe ee ee 0-888 

‘In high supply, .. 36 ae oe ee 0°463 
or, conversely, if M. do Prony’s value of mean velocity or 0-434 médtres 
be used in the formule of M. ee we get the values of 6 to be 


In low supply B= = ra ve =: 8°48, 
R 


Jo 
In high supply 8 = 3/4, f- 8:12. 
r/t 


The mean of these values of B is 8°30. 

M. Gauchler’s value of 8 for good masonry is 8 to 8-5, which gives a 
mean of 8:25. The results deduced from the formule of de Prony it will 
be seen, therefore, are very nearly the same as those deduced from the 
formule of M. Gauchler in this particular case. 

M. Stapfer considers that either formnla may be used indifferently for 
open canals revetted with good masonry. He remarks, however, that to 
employ M. Gauchler’s formula, the value of I must be exactly known, 
which in practice, owing to various causes, is seldom the case. Ho prefers 
therefore in such cases (where the slope is inferior to 0°00007)* to employ 
De Prony’s formula for mean velocity derived from surface velocity to 
finding the velocity from M. Gauchler’s formula No. 2. He agrees with 
M. Baumgarten, having himself verified this gentlcman’s deductions, in 
further reducing De Prony’s mean velocity when the surface velocity is 
over 1-30 métres (or 4:264) by again multiplying by 0°80. De Prony 
based his formula on only 15 experiments, in none of which was the 
surface velocity greater than 1-299 métres, whereas Baumgarten based 
his modification of the value of mean velocity on 22 experiments, all of 
which the surface velocity exceeded 1:40 métres (or 4-592 feet). 

But extending his calculations to another case (width of bed 9 métres 
(29°52 feet), depth of water 3:5 métres (11°48 feet), channel masonry 
with vertical sides, discharge 45 cubic métres per second (1589-26 cubic 


© Sic in original article in “ Annales des Ponta et Chaussées.” M. Gauchler’s investigation, however, 
relate to slopes of 0°0007, 
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feet per second), M. Stapfer found the value of I by De Prony’s formula 
to be 00008975. This brought this case under the conditions of M 


Gauchler’s first formula. The value of a was taken — Sree 6 + 85 .. 8-05, and 


I deduced by M. Gauchler’s formula was 0°0001688, or a than half that 
deduced by De Prony’'s formula. 

This difference can only be explained by the fact that M. de Prony’s 
formula is a more general one than that of M. Gauchler, based as it is on ex- 
periments conducted in channels with various linings, whereas the formuls of 
M. Gauchler are more definite, and the co-efficients determined by a large 
number of experiments for each different lining. For example if the 
same discharge of 45 cubic métres had been given by a river channel, and 
mean dimensions of which were the same as this masonry channel, we 


should have had by M. Gauchler’s second formula 8B being —-— sh =: T = 6:65 


1438 
Ps — ss s= | = 0-0002965 
BY RE (6-65)* (1-968) 
or taking 6, 6° 


I = 0:00033872 


which is very nearly De Prony’s 0:0008975. M. Stapfer concludes from 
his investigations that either the formula of De Prony or Gauchler can 
be used when two of the three terms v, R and I are given, when the surface 
velocity does not exceed a certain limit. This limit he does not state 
very exactly, “‘ 0°55 métres par exemple” are his words. He concludes 
his article in the following words : 

‘¢ To resume, I am inclined to conclude from this comparison between 
the formula of De Prony and Gauchler. 

“Ist. That the later formule as based on a larger number of experi- 
ments are more accurate for determining either the mean velocity, or the 
slope, when the slope or mean velocity are accurately given. 

“2nd. That the formule of De Prony are to be preferred when either 
of these terms cannot be determined with exactitude, and when for in- 
stance the velocity can only be calculated by the use of floats. 

“Srd. That till formule more exact and as easy to use in practice as 
those of De Prony are discovered, it is sufficient to deduce the mean velo- 
city from the formula of De Prony modifying it by the rule of Baum- 
garten when the surface velocity exceeds 1°40 métres (4°6 feet), 
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“4th, That in canals lined with good masonry when the surface velocity 
does not exceed 0°55 métres, the formule of De Prony and Gauchler give 
almost identical results, 

“6th. That for rivers the old formula of De Prony, and the new one of 
Ganchler, furnish results that differ but slightly even when the surface 
velocity exceeds 1°40 métres, and that the former being more easy in 
application should rather be used.” 

M. Stapfer is evidently inclined to sustain the old formule of De 
Prony against those of M. Gauchler or M. Bazin. But the formula of 
these last based on very careful and numerous experiments are to be. 
preferred. These formule are given below as adapted to English feet; 
R, I, v being the same in both, that is to say 

v == mean velocity in feet. 
R = mean radius in feet. 
I = fall in unity. : 
M. Gauchler :— 


(1). d vasa x 1:219° / R 4 I, slope being greater than 0:0007. 


wet as ee 
(2). * / om fo /B © /¥ slope being lees than 0/0007. 
M, Bazin:— 
1st class, bed and sides planed planks, plaster, &c., 
RI, 1 
ZS = 00000045 x (10-16 -+-). 
2nd class, bed and sides cut stone, brickwork, &c., 
FE == 0000018 x (4354 + 5). 
Srd class, bed and sides slightly uneven (rubble) 
ar = 000006 x (1219 + +). 
4th class, bed and sides uneven (earth) 


E = 000085 x (02488 + +). 
W. G. R. 
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Iq connection with the questions discussed in thé foregoing paps, 
*  ettention may be directed to the opinions advanced and resulta arrived at dy 


the Rev. Canon Moseley, M.A., D.0.L., F.B.8., in a paper “ On the Uni- 
form Flow of a Liquid,” read on the 2nd February, 1871, before the 


Royal Society, of which the following is a brief resumed :-— 
“The resistance of every molecule of a liquid at rest which a solid (by moving 
through it) disturbs, contributes its share to the resistance which the solid expert- 
-ences ; 80 that the inertia of cach molecule so disturbed and its shear must be taken 
into account in tho aggregate which represents the resistance the liquid offers #0 the 
motion of the solid. The motions communicated to the molecules of a liquid by 
4 solid passing through it, and the resistances opposed to them, however, are 80 va 
rious, and 50 difficult to bo represented mathematically, that in the present state 
of our knowledge of hydrodynamics the problom of the resistance of a liquid at rest 
to a solid in motion is perhaps to bo considered insoluble, As it rogards the oppo- 
site problem of the resistance of a solid at rest to a liquid in motion (as in the case 
of a liquid conveyed through a pipe), there are in like manner to be taken into ac- 
count the disturbances created by that resistance in what would otherwise have been 
the motion of each individual molecule of the liquid so disturbed. 
This problem, howover, is by no means so difficult as the other. Thero is, indeed, 
& case in which it admits of solution. It is that of a liquid flowing from a reservoir, 
in which its surfaco is kept always at the same level, through a circular pipe which is 
perfectly straight, and of tho same diameter throughout, and of a uniform smoothness 
or roughness of internal surface, and always full of the liquid. The liquid would ob- 
viously in such a pipe arrange itself in infinitely thin cylindrical films coaxial with the 
pipe, all the molccules in the same film moving with the same velocity, but the mole- 
cules of different films with veloritics varying from tho axis of the pipe to its inter- 
nal surfaco. The direction of the motions of the molecules of such a liquid being 
known, and all in tho same film moving with the same velocity, which velocity is a 
fanction of the radius of the film, and the law of the resistanco of each film to the 
slipping over it of the contizuous film being assumed to be known, as algo the head 
of water, it is possible to express mathematically 
(let) the work done per unit of time by the force which gives motion to the liquid 


and 
(2nd) the work per unit of time of the several resistances to which the liquid in 


moving through the pipe is subjected, and 
(8rd) the work accumulated per unit of time in the liquid which escapes—and 
thus to constitute an equation in which the dependent variables are the radius of any 
given film, and the velocity of that film, This equation being differentiated and the 
variables separated, and the resulting differential equation being integrated, there is 
obtained the formula 250 + 
D S= Ue oy 
where # is the velocity of the film whose radins is r, and », that of the central fila- 
ment, and 7 the length of the pipe—the unit of length being one = and of time 


one second, 
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"| Mie sneitino’ by which the. python Daa: sprived at thie Sonnala js, subptantially-the 
game. fa that which he befote need in a paper read before the Society.on the “ Machi. 
Pee ig ts muposeibility of the Desesnt of Giacters by” thelr’ weight daly, dnd Which he 

Miitieves to bisa snethod new to mechanical scienos.’ It was indeed to -vetity ft-tir tts 
Mpptiqntion to liquids that-he undertook the investigations which he. now gubinite, fo 
tap Society, which, however, he has pursued beyond their original object, ete ie 

Phe recent experiments of MM. Darcy and Bazin* have supplied -him with ‘the 
‘tmentis of this ‘verificiition. These experiments, made with admirable skill and pie- 

opinion; on ‘pipes’ upwards of 100 métres in length, and varying in diameter from 
00122 to 0@5, andlor heads of water varying in height from 0™-027 to 80714, 
ipclnde (together with numerous experiments on the quantity of water which flows 
‘ per secorid from euch pipes under different conditions) experiments on the velocities 
. O£ the films of water nt different distances from the axes of the pipes, made by ‘means 
of an improved form and adaptation of the well-known tube of Pitot, These laat 
mentioned experiments afford the means of verifying the above-mentioned formals. 
‘With a viow to this verification, the author has compared the formula with sixty of 
the experiments of M. Darcy, and stated the results in the first two Tables of his 





The discharge per 1” from a pipe of a given radius may be calculated from the 
above formula in terms of the velocity of the central filament. This calculation the 
author has made, and compared it with the results of eleven of M. Darcy’s experi- 

ments, 

Where in the formnla which thus ropresents the discharge from a pipe of given 
radius, in terms of the velocity of the central filament, the radius is made infinite, 
an expression is obtained for the volume of liquid of a cylindrical form, but of 
infinite dimensions (laterally), which would be put in motion by a single filament of 
liquid which traversed its axis; and, conversely, it gives the volume of such a 
liquid in motion which would be held back by a filament of liquid kept at rest 
along its axis. Thus it explains the well-known retarding effect of filaments of 
grass and roots in retarding the velocities of streams. 

It is the relation of the velocity of any film to that of the central filament which 
the author establishes in the above formula. To the complete solution of the problem 
it is necessary that he should further determine the actual velocity v, of the central 
filament. This is the object of the second part of his paper. This velocity being 
known, the actual discharge per 1” is known. The following is the formula finally 
arrived at :— 


_. 808 
‘hese gece . — OR -i fat ata 


Q = discharge per 1’ in cnbic métres. 
RR = radius of pipe in métres, 
ex: length of ditto. 
A == head of water. 
C =: a constant dependent on the state of the internal surface of the pipe. 


* Recherches Expérimentales relatives an mouvement de 1’Hau dans los Tnyoux, par H. Darcy : 
Paris, 18657. Recherches Hydrauliques, par MM. Darcy et Bazin : Paris, 1865. 
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The valnes of this constant C, as deduced from the experiments of M. Darcy are 
given, 

1st, for new cast-iron pipes ; 

2nd, for the same covered with deposit ; 

8rd, for the above cleaned ; 

4th, for iron pipes coated internally with bitumen ; 

&th, for new leaden pipes ; 


6th, for glass pipes. 
The author compares this formula with sixty-two of M. Darcy’s experiments, and 


records the result of this comparison in the last three Tables of his paper. 

The paper concludes with an investigation of the rise in the temperature of a liquid 
flowing through a pipe caused by the resistance which its coaxial films oppose to their 
motions on one another (or, as it is termed, their frictions on one another) and on 
the internal surface of the pipe. The pipe is in this investigation supposed to be of a 


perfectly non-conducting substance,” 


A, M. L. 
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No. XXV. 


VEHAR LAKE DAMS. 


[ Vide Plates Nos. XVIL, and XVIII.} 


Reports to the Municipality of the City of Bombay. By Cartarn 
Hecror Tottocg, R.E., Hxecutive Engineer. 


Bombay, 5th December, 1870. 
Report, No. I.—Although you are perfectly aware of the state of No. 2 
Dam of the Vehar Lake, from your recent inspection of the work, I think 
it will be well for me to place on record the facts in connection with the 
leak lately discovered. 

On Saturday the 26th November in the evening, it was for the first 
time ascertained for a fact that water was escaping through the dam. On 
Sunday morning I drove out and examined the position of the leak care- 
fully, and came to the conclusion that the level of the point where the 
water issued was about 10 or 12 feet below the present surface of the 
lake, and probably not more than 50 feet from the eastern end of the dam. 

The clearance of the brushwood and reeds at the bottom of the embank- 
ment has shown that the leak is not confined to the spot where it was 
first discovered, but that water is escaping in ten or twelve different places, 
the total discharge being about equivalent to a stream two feet wide and 
one inch deep. 

Not a moment was lost in setting about the repair of the dam, and al- 
ready the measures taken have produced a marked effect, and I have no 
doubt whatever that the leak will be soon effectually stopped. There is 
nothing to suggest any immediate danger. It is impossible to estimate 
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accurately what the repairs may cost, but, roughly speaking, Rs. 80,000 
should suffice. 


10th December, 1870. 


Report, No. 2.—I have the honor to report to you that I have this day 
completed my inspection of Dam No. 3 of the Vehar Lake, I had pre- 
viously informed you that this dam was leaking, but I was not prepared for 
the state of things which has now come to my notice. I had a breadth of 
from 6 to 10 feet of the pitching on the exterior slope removed so as to ex- 
pose the earthern face of the embankment, and I have discovered a series of 
leaks occurring here and there, but extending over a length of at least a 
hundred yards, The character of these leaks I consider much more serious 
than that of those found in No.2 Dam. There cannot be a vestige of doubt 
in the case of No. 8 Dam as to where the water is escaping from. Every- 
where it is escaping right through the embankment. Now although 
here is nothing at all alarming about the leaks as they are at present, 
I am of opinion that immediate steps should be taken to stop them, as 
at any moment they may increase, and lead to the sudden destruction of 
the dam. 

You are aware of the plan which I am adopting at No.2 Dam. A 
new puddle wall seven feet thick is being built behind the old one, or 
rather behind the place whero the old one ought to be, for at present no 
trace of any puddle wall at all has been found. The wall is being built 
in short lengths of ten feet each, and the trench dug is strongly close- 
timbered throughout. I feet confident that the measures which I have 
adopted will prove successful, although I cannot, considering how very 
badly the embankment was originally built, guarantee that at some future 
period a leak may not spring again, 

Regarding No. 8 Dam, however, it is necessary I should inform you 
that the works required to stop tho leaks in it will not only be attended 
with very considerable expense, but they will require the very greatest 
care and caution on my part to carry out to success. I propose the same 
plan as that adopted for No. 2 Dam, but the appliances to carry it out 
will be far more extensive. The wall will be built in short lengths, but in 
this instance, not by close-timbering, but by close piling. Timbering 
similar to that used at No. 2 Dam would be attended with danger under 
the great pressure of water that we should have to contend against. Close 
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piling will be very expensive, but it will be comparatively safe; I say com- 
paratively, because I cannot disguise from you that work of this nature 
can never be entirely free from some danger. 

You will see in the accompanying Plan, Plate XVII., which I have 
roughly drawn out myself, the position of the puddle wall proposed to be 
built. I have also drawn an alternative scheme, but I must say plainly 
I am strongly in favor of the system of close piling. . The second scheme 
would not be nearly so expensive, but it would not in my opinion be nearly 
so effective. 

Where the interests, the safety, of the lives and property of nearly a 
million people are concerned, I think, however assured I may he of the 
success of the measures proposed by me, I should be doing wrong not to 
advise that a consultation of the best engineering talent in Bombay be 
held on the means to be adopted for rendering No. 3 Dam secure. Indeed, 
if I may be permitted to mention the names of the gentlemen who I think 
should be asked to the consultation, [ would mention Colonel Kennedy, 
Colonel Trevor, Mr. Ormiston, and Mr. LeMesuricr. 

My motives in thus candidly advising you to call in others to consult 
with me could never, Iam aware, be misconstrued by yourself, nor, I am 
sure, will they be by the Bench of Justices when they learn that specific 
plans having been submitted by me for repairing the dam, I have thus 
exposed myself to the criticism of my brother Engineers. 


Minutes on Cart. H. Tuiiocu’s Prorosars. 


I. By THOMAS ORMISTON, EsQ., Member Institute C.E. 
13th December, 1870. 


1, Captain Tolloch stated that no gauging had been taken of the leaks, but he 
thought they were increasing. 

2. He was asked to have them measured daily and registered. 

3. The long grass had been cut away from the foot of the outer slope and this 
showed the leakage. 

4, It does not appear to be a single Icak but a general soakage. 

5. I don’t think the dam shows any immediate symptom of failure, nor do I think 
it is worse than it has been for some years. 

6. I do consider, however, that if any repair or addition can be made which will 
substantially increase the strength of the dam, it should be done. 

7. Captain Tulloch suggested a puddle wall to the outside slope, which he consi- 
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dered might be done in either of two ways, as shown in the accompanying plan, which 
is the one produced by Captain Tulloch at the leak. 

8. Ido not agree that the new puddle wall should be put in as shown ; both ways 
show it cracked, and it would probably settle and crack at the angles. 

9. 'The puddle wall should be vertical. 

10. The effect of inserting a water-tight puddle wall outside of the supposed 
present one will be to stop the prescnt leakage, and thus the whole bank to the water 
side of the new puddle wall will become fully charged with water, and be little better 
than sludge. 

11. Wherever the new puddle wall be placed, it must have as good a bank of 
earth outside of it as the present supposed puddle wall has. 

12. The exact position for the new puddle wall can only be ascertained by trial 
estimates. It may be where Captain Tulloch has placed it, or it may be cither 
within or without it. 

13. Piling should not be made use of. Tho vibration would be sure to bring in 
the dam if it is shaky. 

14, The new puddle trench and outer slope should be done in sections, #.e., not 
all at once. 


Il. By Cou. M. K. Kennepy, R.E. 
17th December, 1870. 


I agree with Mr. Ormiston in thinking that the dam is in no immediate danger ; 
it is not probably in any worse condition than it hus been in for years. There isa 
slight weeping through parts of it, which was not plainly observable till the pitching 
was removed. It is tiyhter than 9 out of 10 of the irrigational bunds to be found 
throughout the country that have been in existence for generations ; in Dharwar for 
instance it would be considered a remarkably good bund. If revenue depended on it, 
I should say that nothing was necessnry, but it is # more serious matter when the 
health of a large City and the lives of thousands may be said to depend on the Lake ; 
under such cireumstances nothing should be left to chance. My only doubt is whe- 
ther anything that can be done will mend matters much, It is worth, however, the 
expenditure of a reasonable suin to try and endeavour to allay the uncasy feeling 
which exists in regard tv the dams, more especially among persons not competent to 
form a judgment. The only thing to be done is to crect a puddle wall, and I concur 
with Mr. Ormiston in thinking that this should be vertical. I would place it as 
near the back of the existing puddle wall as can sately be done. After this hus 
been done, however, we must be prepared to find matters very little if at all better 
than they are now. The flow of water below the bund should be carefully and con- 
tinuonsly gauged. 


Ii. By Cou. J. S. Trevor, R.E. 
18th December, 1870. 


I agree with Mr. Ormiston and Colonel Kennedy in considering the dam is in no 
immediate danger. But as long as there is extensive leakage, as at present, appre- 
hensions will be entertained for its safety. The consequences of failure of the dam 
are so serious, that these apprehensions, by whomsocver brought forward, will com- 
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mand attention, and attempts will from time to time be made as heretofore for stop- 
ping the leaks. These attempts would in the end cust far more than a systematic plan 
for placing the dam beyond all reach of danger. I think a vertical puddle wall close 

- to the work, and placed some distance on tho onter side from the existing puddle 
wall, would have this effect, and if its erection was watched by competent persons 
on whom the public would place faith, and register kept of what was done, so that 
hereafter the character of the work conld not be recklessly called into question, the 
expenditure of some considerable sum of moncy would be advisable, although it can- 
not be said that snch an outlay is emergently necessary. 


IV. By H. ?. LEMEsuRIER, Esa, C.E. 
18th December, 1870, 

The probabilities are that the dam has been for some time past in the same condi- 
tion as that in which it now is, and this is not a state that can be called anything 
but exceedingly unsatisfactory, considering the interests at stake. 

The dam should be put into thorough repair, and perhaps the best way of effecting 
this end is to put in a vertical puddle wall at a safe distance in rear of the present 
supposed puddle wall, as noted by Mr. Ormiston, busking it up with the requisite 
embankment to make all secure, and not placing much, if any, reliance on the carth 
and puddic between the face of the new puddle wall aud the water, 

I agrce with Mr. Ormiston as to the inexpediency of shaking the existing bank 
by any heavy pile-driving operations. 

A very complete record in brief form should be kept about the future operation 
and the existence of this record, and its whereabouts, should be widely made known 
so that there may be no question hercafter as to the existence or otherwise of puddle 
wall No. 2. 

Very great care should be bestowed upon the construction of the new work, and its 
stability should be ensured by every possible expedient, and the closest supervision by 
trustworthy men, insufficient numbers to provide for regular reliefs, if the work is 
carried on during long hours cach day. 


Bombay, 25th July, 1871, 

Report, No. 3.—On the afternoon of the 26th November 1870, Mr. 
Pyne, the Superintendent of the Vehar Water Works, reported to me 
that he had discovered what appeared to him to be a very serious leak 
on the side of No. 2 Dam, and that, as he had never observed this leak 
before in his examination of the dam, he was of opinion that it must have 
sprung recently. 

On receipt of this information, I lost no time in making a personal 
inspection of the dam in question. I visited the Lake the next morning, 
and after careful examination satisfied myself that the reported leak was 
of such a nature as to demand immediate attention. I ascertained that 
the points of the egress of the water through the exterior face of the dam 
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were from ten to twelve feet below the surface of the lake at the time. 
In other words, the surface of the lake being then five feet below the 
waste weir, the leaks were taking place from fifteen to seventeen feet 
below that level. 

On further examination I noticed that a large quantity of brushwood 
and reeds had accumulated at the foot of the dam, and that they had that 
verdant appearance which is only found in vegetation growing close to 
water. I accordingly had the weeds removed, when my worst anticipa- 
tions were, I regret to say, realized. Numerous leaks existed, and there 
was @ large escape of water. A gauge was immediately set up, which 
showed that the quantity of water running through the dam was equiva- 
lent to a stream one foot wide and 14 inches deep, flowing with a velocity 
due to a fall of one foot in sixteen. 

Before deciding what was to be done, I searched the records of our 
office in order to find the briginal plans and sections of the dam. These 
showed, to my surprise, 2 vertical puddle wall, ten feet wide at the top, 
and twenty feet wide at bottom, running along the entire length of the work. 
Under these circumstances the only conclusion I could come to was either 
that the puddle wall must have been badly built, or that it was a myth. 
Inquiries made by me in Bombay convinced me that the dam had origi- 
nally been built without a puddle wall, and the facts elicited by our 
future operations rendered this clear beyond the shadow of a doubt. Had 
there been a puddle wall we must have come on it, but the dam was per- 
fectly innocent of this safeguard. Neither at the top nor at the bottom 
did we find any puddle wall. So shamefully was this work constructed, 
that in parts where puddle should have been found, we found instead 
layers of, what might not at all inappropriately be termed, road metal. 
Only to give an idea of the bad nature of the soil in the dam, and its 
utter inadaptibility to the purpose for which it was used, I will state what 
actually took place under my own eyes. 

A trench was dug in the dam sixty feet from the margin of the water 
tn the lake. The bottom of this trench was only one foot below the level 
of the water, and it was actually flooded,—that is to say, the soil was so 
unretentive that a pressure of only 12 inches of water forced the water 
through a thickness of sixty feet of soil. 

There has never been any doubt in my mind as to the mode of repair. 
ing a leaky dam, but I have never disguised from myself the dangerous 
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nature of such work. The great risk arises from our never being per- 
fectly aware of the state of the interior of the dam, and of our being 
compelled to work as it were in the dark. The inside of the dam may 
be hard and firm, or it may be like a quicksand. No water may escape to 
render the soil difficult to work in, or floods of water may be expected. 
But whatever may be the state of the dam the water can only be retained 
in a reservoir by means of a puddle wall. The question therefore at once 
resolves itself into this—Where should the puddle wall be placed in a 
leaky dam, so that the least risk of danger shall be run? J am most 
emphatically of opinion that it should be put into the dam by cutting 
into it somewhere -on its exterior face. I believe a puddle wall dropped 
into the dam on the interior face might be more effectual (even this is 
questionable), but the danger of carrying this wall right down into the 
original firm ground (a sine gud non in any case), with a great head of 
water pressing on the works should make any one desist from the attempt. 

The plan of operations which I adopted at No. 2 Dam was to drop a 
vertical puddle wall, eight feet thick, just bchind where the original pud- 
dle wall should have been, and down into the original soil; and in order 
to run as little risk os pussible I determined to do this work by sinking 
shafts in as short lengths as men could work in conveniently, It was a 
source of great gratification to me subsequently to find that the precau- 
tions I had taken were justified by the nature of the work. In some of 
the shafts the soil proved most troublesome, being almost of the nature of 
quicksand, and to add to our difficultics water came pouring in such 
large quantities, that pumping had to be continued night and day to keep 
the foundation dry. In every case the shafts were sunk down 4 or 5 feet 
into the original ground. 

The works at No. 2 Dam are completed, and the best proof of their 
efficiency is afforded by the almost total disappearance of the leaks. It is 
hopeless to expect to stop them entirely. The reason is that the water 
which is now running is not escaping from the dam, but through the hills 
on the sides, and partly from under the dam at a great depth below the 
natural surface of the soil. In order to show that this is the case, and 
not an assumption on my part, I may mention that I had a series of 
shafts sunk in the valley about a hundred feet from the foot of the dam. 
These shafts were sunk in some cases to 20 feet below the surface, and 
even at this depth the water from the direction of the lake came pouring 
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in such quantities, that the men at work could not keep the shafts dry. 
The truth is that the subsoil on the site on which the dam is erected is 
composed in great part of trap rock in @ disintegrated state. What 
ought to have been done originally was to remove this soil, until firm 
rock was reached, and on this foundation the dam should have been built. 
Nothing can be done now to rectify this error. 
While the work was in progress at No. 2 Dam, it occurred to me that 
a more careful examination of Dams Nos. 1 and 3 should also be made. 
Mr. Pyne had not reported any leaks in them, but I thought it better to 
satisfy myself on the subject. 
On examining No. 3 Dam, I found at a certain level below the water 
that the short grass growing on the exterior face was suspiciously green 
in numerous places. The removal of a few of the pitching stones showed 
cleary that the dam was leaking, but in order to arrive at a more correct 
estimate of the extent of the leaks, I had a strip of the pitching (10 fect 
wide) removed along the entire length. I was certainly not prepared for 
the state of things which this simple measure revealed. The dam was 
found to be leaking along a length of about a hundred yards, and the water 
was escaping unmistakeably through the body of the work. Tuere could 
be no gainsaying this, as the leaks were as much as a hundred yaids from 
the hills on sides, and at a level of about 25 foet from the foot of the dam. 
It having been repaired in 1867 by my predecessor, Mr. Aitken, I had 
always understood that No. 3 Dam was in a sound state. Until the dis- 
covery of the leaks mdced it had never occurred to me to examine the 
plans explanatory of the work executed in that year. I now examined 
both these plans and the original plans on which the dam was, or was 
supposed to be constructed. The latter showed a vertical puddle wall in 
the middle of the dam, but inquiries made in Bombay convinced me again 
that this puddle wall was a work of the imagination, and had no actual 
existence. Here then again I was called upon to deal with a case similar 
to that of No, 2 Dam. 
Mr. Aitken’s plans showed that he had dropped a puddle wall through 
the inferior face of the dam. This work however had not been carried 
into the original soil, but only to a depth of about thirteen feet below the 


surface of the water at the time when the work was under execution.* It 
> 


* Pie Plate, XVII., work done in 1868, 
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was manifest therefore that the water escaping from the lake, supposing 
this puddle wall was impervious, was escaping from under the wall. I 
was more than ever convinced therefore that the plan I had adopted at No. 
2 Dam was the only effectual way to grapple with the difficulty. Only by 
working on the exterior face of the dam could I hope with safety to carry 
my puddle wall into the natural soil, which I consider, as I have said be- 
fore, a sine qud non towards the permanent prevention of dangerous leaks. 
Although the work at No. 2 Dam was progressing most favorably 
at this time, and although the cffect of it was already visible in the reduc- 
tion of some of the lcaks, and I had no reason to anticipate but perfect 
success, I did not hesitate to point out to you the serious nature of the 
difficulties before me with regard to No. 3 Dam. Here it was certain 
that we should have a greater pressure of water to contend with, and 
nearly certain, from the extent of the leaks on the face of the dam, that 
the quantity of water in the shafts would be a serious hindrance to our 
work. The danger was considerably increased from the great length of 
the dam. In a matter however which involved the well-being, and indeed 
the safety of the lives and property, of nearly « million people, I thought, 
however confident I might be in my own opinion, that 1 should be doing 
wrong not to obtain the opinion of others. I considered that the Bench 
would feel greater satisfaction if my work had the stamp of the approval 
of the best professional men in Bombay. I was not unwilling to have my 
work subjected to criticism, and indeed, for all T knew, it might have been 
censure. Accordingly I requested you to ask the following gentlemen— 
Colonel Kennedy, Colonel Trevor, Mr. Ormiston, and Mr, LeMesurier— 
to form a Committee to advise on the matter. To this Committee on its 
_ Visiting the works I submitted my proposition, with plan,* that a vertical 
wall should be dropped into the exterior face of the dam either just below 
where the original puddle wall ought to have been, or about the middle 
of the slope. I pointed out that it might be done in two ways ;—either by 
sinking shafts supported in the ordinary way by sheeting and struts, or 
by shafts supported by a close sheeting of piles. Although I adopted 
the former plan,in No. 2 Dam, I recommended the latter as more secure 
in this case, because of this extra pressure of water, and of the uncertain- 
ty as to the state of the interior of the dam. I recommended moreover 
that the puddle wall when bronght up to the surface of the exterior slope 
* Vide Plate XVIIS Plans I. and II. 
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of the dam should be continued along the slope to the top, or continued 
in @ zigzag. 

The Committee were of opinion that the driving in of piles might shake 
the dam, and they preferred the ordinary method of sinking the shafts— 
that in fact which was being adopted in No. 2 Dam. They moreover 
differed from me regarding the upper portion of the puddle wall. They 
were of opinion that it should be carried vertically nearly to the level of 
the top of the dam, and that the exterior slope of the dam should have 
the same inclination as it had before. On the main question they agreed 
with me unanimously, that the puddle wall should be dropped into the 
exterior face of the dam, and down into the naturat soil*. 

“Thus then by their proceedings the Committee practically approved of 
the measures which were being adopted at No, 2 Dam, and, with the 
modification of the puddle wall being continued vertically to the level of 
the top of dam, they approved of the measures I proposed to adopt te- 
garding No. 3 Dam. Setting aside my own opinion on the immaterial 
point on which I’ differed from the Committee, and on which I still differ, 
because it has rendered the work so much more expensive than it would 

have been,—the repairs have been carried out according to their recom- 
mendation. 

It is necessary the Bench should know that some of the work in this 
dam was of a most serious nature, and had not the greatest precautions 
been adopted, the stability of the dam itself might have been endangered. 
We have been compelled to work often without stopping for days and 
nights together. At times the shafts have been flooded with water pour- 
ing in from the lake, and it has required the greatest energy on the part 
of Messrs. Glover and Co. to get the shafts dry. With fever, too, con- 
stantly breaking out among the men, the work has been carried out with 
an amount of perseverance which speaks highly for Messrs. Glover and 
Company. 

I may here parenthetically remark, with reference to the opinion which 
seems to have obtained amongst the Committee, viz., that the leaks in 
No. 8 Dam had probably been as bad for some years as ‘they were when 
examined by themselves, that I think they are in error. On this point 
my predecessor, Mr. Aitken, C.E., states at page 6 of his Annual Re- 


port for the year 1867 :— + 
® Vide Annexed Minutes, pp. 261-23, 
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“ Why this embankment was not made water-tight at first, I cannot 
pretend to give an opinion with any degree of certainty, but it is a fact 
that it never held water from the time the lake filled. The quantity 
which leaked through at first was not sufficient to cause any serious un- 
easiness, but year after year the leakage increased until at last i became 
so serious, that in 1865, Government appointed a Committee of Military 
and Civil Engineers to report as to the best remedial means to be adopt- 
ed to stop the leakage. The Committee decided that the whole of the 
inside face of the Dam above low water level, should be coated with two 
or. three feet of puddle.” 

In the next para. but one of his report Mr. Aitken also states that the 
gaugings showed the leakage after the monsoon of 1866 to be greater 
than that after the monsoon of 1865. With such evidence it cannot be 
stated that the danger was not increasing. Mr. Aitken not only carried 
out the suggestion of the Committee of 1865, but made the addition to 
it of a puddle trench 15 feet deep at the foot of the puddle facing. 

On the completion of these works Mr. Aitken stated in “his report 
(already alluded to) that, “as the water rose after the rains set in, it was 
satisfactory to observe that all the old dangerous leaks were stopped, and 
the embankment may now be pronounced to be in a tolerably safe state.” 
Now as I have ascertained from Mr. Pyne, who was actually engaged on 
this work, that at its completion nearly all the leaks had disappeared, and 
as I found the dam on the removal of the pitching to be leaking along 
nearly its entire length, I am of opinion that the leaks have not only 
increased, but that they have increased to such an extent as rendered 
immediate action on our part imperative. 

The effect of the work carried out at No. 3 Dam is plainly visible by 
the reduced quantity of water escaping through the work. 

I was in hopes that I should complete the work this season, but I have 
found it impossible to do so. The difficulties have arisen from our not 
being able to employ more than a limited number of men. The shafts 
have, for safety’s sake, been sunk in short lengths, and I considered it 
would be dangerous to the stability of the dam to open up more than 
three shafts at the same time. The consequence has been that we have 
never been able to open fresh ground until the shafts in hand have been. 
completed. You are aware what a very threatening appearance the sky 
assumed in the early part of May. If seemed to be the common opinion 
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in in Rosey that the monsoon wag about to set in.a ‘month: before the, tonal 
. At Vehar, on the site of our works, we had constent ‘vain ia. the. | 
pat Numbers of the ooolies moreover left the works, snd ould 
not return, being convinced that the monsoon had set in. I do not dig- 
guise that this state of things caused me an_amount of anxiety which I 
have seldom experienced in my life. Many of my brother Engineers 
will understand what this means. I had looked forward to working with 
perfect safety certainly up to the end of May, possibly up to the 10th of 
dune, whereas the monsoon was actually threatening us in the beginning 
of May. It would have been little short of madness to run any risk 
under these circumstances, and the continuation of rain morning after 
morning at Vehar made me decide to close our works for the season, and 
render all safe. Only three more shafts had to be sunk and filled up. 
Two were down halfway, and it did seem a thousand pities not to defy tho 
weather, and carry on the work for another fortnight, which was all the 
time required. But I was determined that I should not be tempted out 
of the direct path of my duty, which I considered was at any cost to have 
the works safe against ihe setting in of the monsoon. My determination 
once taken has been rigidly adhered to, and No. 8 Dam remains therefore 
not quite completed, but still safe for the season, and the three shafts arc 
left to be sunk next season. The form of the dam as it is at this present 
moment is represented in the last cross section on Plate XVII. 

As the repairs to the Vehar Dams havo attracted a great deal of 
attention both among the Justices and in the town, and as it would have 
been impossible for me to convey to the mind by mere description the 
nature of the work and the means adopted to carry it out, I have had two 
photographs* taken of No. 3 Dam. The first shows the entire dam at one 
view with the whole of the works in progress. The other shows a portion 
of the dam with the men at work and the method of sinking the shafts. 

The work was commenced by Messrs. Glover & Co., on a Schedule of 
Rates, but, after we had made sufficient progress with the work to judge 
of its naturo, and when I found that the work was of so uncertain 2 
character, and liable to lead to endless disputes, I considered it would be 
fairor to all parties, and more satisfactory to ourselves, if they carried out 
the work as if it were departmental, and reccived a profit of 15 per cent. 


on the outlay to cover supervision and use of all plant. As you approved 
* Not reproduced in this publication, 
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of this inggestion, ‘both No. 2 and No, $ Dams have been completed on 
this’ ‘underetanding. {Whe work has been repeatedly exaniitied by both 
myself and the Deputy Executive Engineer, The daily Nominal Rolls 
of the firm have been checked by the superintendents placed in charge, 
and the weekly rolls have been sent to the office as the work progressed. 
The total cost of the works is Rs, 1,09,758." The cost of the works exe- 
cuted in 1868 was Rs. 46,000. The last section on Plate XVIL., shows 
the character and extent of the works carried out in 1868, and recently. 

Nor has the sanitary aspect of the question been overlooked or neg- 
lected. The neighbourhood of the Vehar Lake is well known to be very 
feverish. Anticipating therefore that the men employed at the dam would 
be liable to attacks of this nature, the services of a Government Apothe- 
cary were vbtained. Every measure moreover was adopted to prevent the 
pollution either of the lake or even of the ground near it. Temporary 
latrines were erected, and the night-soil was daily removed to a dis- 
tance. 

It is uccossary now that I should say a few words regarding No. 1 
Dam. I examined it on the 10th December, and found it in good order. 
There were a few leaks, but these were not through the dam, but 
through the natural soil under the dam. The leaks in fact are precisely 
of the same nature as those which remain in No. 2 Daim, now even that 
we know for a fact that a puddle wall cxists and has been carried many 
feet into the natural soil and from hill to hill, No. 1 Dam seems at pre- 
sent in as sound a state as work constructed with the indifferent material 
to be obtained at Vehar can be expected to be. But how long it may 
remain 80, it is impossible to say. A time must come when the 41-inch 
iron main running through it must be worn away. No arrangements 
were made in the construction of the Dam to cnable the Engineer to put 
down another main when this one became useless. Should a leak ever 
occur in this main under No, 1 Dam, it will be a most serious matter 
for the town, and the very worst consequences may be expected. 

The pipe lies about scventy feet from the top of the dam, and there is 
a pressure of from 63 to 50 feet of water on it, dependent on the lake 
being full or otherwise. Supposing there is a burst in the main (and this 
supposition is no extraordinary one), water will issue from the pipe with a 


pressure of say 25 lbs. on the square inch. What the effect of a stream 
* Vide Annendix A, 
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; passing with a velocity dae to this pressure will be on the sarrounding 
“gavth jt ig hardly necessary for me to explain. Material rust be washed 
“gut from the dam by the water in its outward course, and: after this baa: 
- continued for a short time, the stability of the work must be destroyed. : 
To repair a leak of this nature in the manner which I have adopted to 
render Nos. 2 and 3 Dams secure, will be not only attended with great 
risk, but impossible unless the supply to the town is stopped for several 
consecutive weeks. This fact, therefore, must be looked in the face, viz., 
that a time must come; sooner or later, when from the pipe under the em- 
bankment being worn away (as all iron ultimately wears away), and from 
there being no means of substituting another pipe in its stead, the inhab- 
itants of Bombay, unless they furnish themselves with some other source 
of supply, will have to pass through a water famine. 

The question is really a very serious one for the community. The 
arrangements for drawing water from the Vehar Lake are most imper- 
fect. They consist of a masonry tower through the sides of which large 
iron pipes pass into the Lake, with copper gauze strainers over the mouths.* 
The strained water passes into the tower, at the bottom of which it enters 
the outlet pipe, whence it flows on to the town. The masonry of the 
tower leaks so badly, that I am told an attempt which was once made to 
examine the mouth of the outlet pipe at the bottom nearly resulted in 
the death of the diver, who was almost forced into the pipe by the quan- 
tity of water falling on him from above. It will thus be seen that to 
close the mouths of the strainers does not render the tower dry. It fol- 
lows, therefore, that if a pipe bursts under the embankment, it will be im- 
possible to discover the point of fracture by sending a man down the. 
tower. The only thing to be done in this case will be to block up the 
mouth of the outlet pipe, so as to prevent any water entering it. Even 
this may be attended with difficulty, but if it is successful, the next thing 
will be to send a man into the pipe through the sluice valve at the outer 
foot of the embankment. Ifa real fracture of the pipe has taken place it 
will not perhaps be difficult for the man to discover its position, but if the 
leak were due to an imperfect joint, no examination of the pipes from the 
inside could enable a man to discover its locality. But in either case whe- 
ther the iron is fractured, or whether the joints have separated, it will be 
impossible to repair the pipes from the inside. And let the pipes be re-~ 

* Vide “ Dotail of Tower," Plate XVIII. 
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pelea in: any. way ‘whatsoever; the siete to the town must be shut off 
for weeks. | 

Under these circumstances I cannot but draw the attention of the 
Bench to the risk they are ranning in delaying to construct proper out- 
let works for the Vehar Lake,—works which should have no connection 
‘with any of the dams, and be so arranged that any defective portion may 
be repaired without difficulty or danger. 

I have no reason to alter the plans which I suggested last year for the 
outlet system for the proposed Toolsee Reservoir. I here again present 
them for the consideration of the Bench.* All the works are completely 
under control, and any defective pipe may be taken out, and a new one 
substituted in its stead without trouble or risk. If the Bench desire it, 
detailed plans and estimates can be prepared to suit the system to the 
exact locality which may be decided upon for the new outlet works at 
Vehar, but it will be mere waste of time and labor to prepare these unless 
the Bench are determined to act in the matter. 

H.. -T. 


APPENDIX A. 
VEHAR DAM REPAIRA, 


Quantitics and Cost of Work as completed on \st July 1871, 

















Quantity. Rate, Total. 
Dam No. 2. Brass of | RS. A, RS. A. P, 
100 c. feet. 


Earthwork, Excavated and Refilled, in- 
cluding Pumping, Shoring, Watering 
and Punning, &c., ae oe os 3,618 | 4 0 114,472 0 9 


Clay Puddle, Getting, Tempering, Car- 
rying, Filling, including Watering and 
Punning,. ° ee we ee oe 1,025 11 12 12,043 12 0 


Pitching, taking off Pitching with Rub- 
ble Bedding, replacing do., and Setting} squares 
Pitching, es ee oe 245 | 6 14] 1,684 6 0 


28,200 2 0 











# Vide“ Plan of outlet works, ’ Plate XVII., and Appendix B. 
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Quantity. Rate. Total. 











ea eed 
RS. A. RA. A. P, 


Cutried forward, —.. ees 28,200 0 0 


Brass of 


Dam. No. 3. 100 c. fect 


Earthwork, Exeavated and Refilled, in- 
cluding Pumping, Bn Watering 
and Pauning, ee ; Zs ee 7,049; £ 07)/28196 0 O 


Clay Puddle, Getting, Tempering, Car- 
rying, Villing, including Watering and 
Punning, ae ee at ee ee 3,049 13 0 89,520 0 0 


Pitching, taking off Pitching with Rub- 
ble Bedding, replacing do., and ee sqnares 
Pitching, a a es . 1,156 | 7 O|} 8092 0 9O 


Supplying new Pitching with Rubble 
Bedding, .. i - és “< 250 | 23 O/| 5,750 0 O 





Rupees, .- | 81,558 0 0 


Giover & Co.,, 
Contractors. 


APPENDIX B. 
Outlet Works designed for the Tuolsee Reservoir. 
[Vide Plate XVI]. 


Tresr outlct works are designed with the view to enable the Engineer to 
repair any part of the work should it become damaged or wear away. 
The old plan of having a masonry tower standing in the water, and of 
carrying the outlet pipe fiom the bottom of this through the embank- 
nent is most objectionable. If the outlet pipe bursts, nothing can be done 
to repair it. Bombay at this present moment is in this happy predicament. 
The town is dependent on the security of a single pipe, which, passing 
through the bottom of a tower standing in the water, is carried under the 
main dam. If this pipe bursts it will be impossible to repair it, and the 
most serious consequences may follow such an cyent. 
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Now in the outlet works represented on the accompanying plan, the 
bursting, of the outlet pipe would be of no consequence whatever. The 
stop valve would simply be closed, the defective pipe would then be 
removed and a new pipe substituted in its stead. . 

It will be seen that the proposed towcr in these works is of a semicircular 
form, and that it is built on the side of a hill, The only pressure that 
there can be against the tower is from the side of the lake, and the curved 
form of tower is best calculated to resist this. 

Any number of inlet pipes can be inserted in the tower, and should one 
of these get out of order it has only to be plueged up, and when the 
water sinks below it the pipe can cither be repaired or a new one put in. 

Any number of inlet pipes may also be inserted on the upright pipe in 
the tower, and the water may be strained twice if desired—Ist, By 
strainers over the mouths of the outer inlet pipes ; and, 2nd, By strainers 
over the months of the inuer inlet pipes. 

If the upright pipe or any of the inlets fixed to it get out of order the 
mouths of the outer inlet pipes can be stopped up by plugs, and the tower 
emptied of water. After this is done workmen can descend into the dry 
chamber and carry ont any repairs that may be required. j 

The stop valve, if required, may be dispensed with, because if a burst 
occurs in the pipe laid along the tunucl, the water may be shut off from 
the pipe simply by lifting up the strainers, and putting plugs over the 
mouths of the inner inlet pipes. 

The tunnel should be wide enough, not only for the number of pipes 
that may be required to give the necessary supply, but also to admit of a 
pipe being carried along it to replace one that may burst. 

It is of great importance that the thickness of the masonry of the 
tower should be considerable, otherwise the water will creep through and 


the tower will not be water-tight. 
16 aa 
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No. XX VI. 
BULL’S HAND DREDGER. 


Memo. on a Hand Dredger for Sinking Wells in Poukdatioas or 
Bridges, invented and patented by W. Butt, Esq., Resident En 
gineer, Oude and Rohilkund Railway, Lucknow. By Groras 
Woovsriner, Esq., M. Inst. C.E., Officiating Superintending 
Engineer of the same line. 


Wirn the accompanying sketch and descriptive mode of working the 
machine by the Inventor, very little explanation is required to under- 
stand this machine. It need only be said that it is intended to utilize, 
the simple but well known principle which causes any tool or instrament 
to sink in sand of its own weight by a shaking, or up and down, motioy ; 
the fact of its doing this dispenses with any supplementary arrangement 
for forcing it into the material to be excavated, and has its result in the 
greatest possible economy of working. | 
The advantages of this Hand Dredger are.— 
1st. It works just as well, and almost as quickly at 60 feet from top 
of platform of well as at 20 feet. [Nofe.—60 feet is not the 
limit of its power, but the greatest depth at which I have 
worked it]. 
2nd. That the cost of the machine with the apparatus for using it j is 
small. . 
8rd. It is quickly rigged up or taken down and removed; an hour 
sufficing to take it from one well and get it to work on an 
adjoining one. 
, 4th. Any ordinary blacksmith can constract it. 
' Sth, It is so simple that (unlike a sand pump) it cannot easily got 
out of order, and if it does it can soon be repaired. 
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Gtk. The principle on which it works is so easily understood by ordi-~ 
nary coolies that they get into the way of working it after a 
very little practice. 

7th, The annoyance and expense of divers are done away with. 

Daring the greater part of the past season as many as 12 of these 
Dredgers have been at work in the wells of the bridge in course of con- 
struction over the Ram Gunga River, near Bareilly, then in my charge. 

The pier wells of this bridge are 14 and 16 feet in diameter, sunk 
through sand, with here and there thin strata of clay or kunker. Tho 
dredger has been used at other bridges on the Rohilkund line, but this 
Memo, gives only deta derived from personal experience on the Ram 
Gunga Bridge. 

After having tried the sample dredger sent by the ‘aviator: for trial, 
¥ made more as soon as possible, and did away with all sand pumps. In 
fact the native contractors became so keen on what they called the ‘‘ Belatee 
Jham,” that they refused to use the sand pumps any longer. 

The appliances required in addition to the dredger itself, will be shown 
in Appendix A., or “ method of working " the machine (by the inventor). 

Appendia B. shows the comparison of the work done with it and 
the sand pump. The average of 144 days’ work gives the sinkage 1:27 
per day for a 14 feet well, between the depths of 23 feet and 42 feet 
below water level. The sand pump, worked by a crab, only gives °70 of 
a fvot. The average, however, for the last week, when the coolies work- 
ing it (at first nearly new to the machine) had got used to it was 1°40 
for the dredger to 44 for the sand pump. A large 3 feet diameter 
sand pump holding 18 cubic feet, working with a steam hoist, might sink 
a well 8 feet in a day under the same circumstances, but against it should 
be placed the cost of the plant required, and the time spent in fitting up 
and removing the heavy apparatus necessary for working it. 

Appendix C. shows the cost of plant necessary for working Bull’s 
Hand Dredger, a two feet sand pump worked by a crab, and the largest 
sized sand pump worked by a steam hoist, apportioned daily to find the 
comparative cost of work done by the three machines. 

Appendiz D. shows the comparative cost of sinking by the three 
machines, (the performance of the large sized sand pump being taken at 
8 feet,) and also that the work done by the hand dredger costs much 
less than that done by either description of sand pump, and as in a well 
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where » large sized sand pump could be worked two hand dredgers : ood: 
be weed, the quantity done should be in excess. Further the hand diedg- 
er will bring up the large lumps of sand stone or kunker so frequently : 
met with in well foundations. Its greatest utility as compared with either 
description of sand pump will therefore be at once seen. 

This machine will prove of very great assistance to anybody sinking 
wells through sand, of dimension large enough to admit of the dredger 
working in them, to any depth below water. Very little weight will be 
found necessary till about 40 feet depth is reached, after that weights 
will increase the speed of sinking. 

Although not by itself adapted for clay, if the clay can be cut up or 
loosened it can be brought up by it to great advantage. 

In this Memo. no mention is made of the first 20 feet below water 
level, as there is no difficulty in sinking to that depth or even somewhat 
deeper, but when the well has to be sunk 50 or 60 below water there 
comes the question—Which of the machines used for Well-sinking will 
give the quickest and cheapest results? 

From my experience on the Rohilkund Lines, I am much in favor of 
this dredger, which has proved a very useful and handy iniplement. 


G. W. 


APPENDIX A. 


Method of Working Bulls Hand Dredger. 


A short chain four fect long, with a ring in the centre, should be 
attached by its ends to the rings on the chains working the machine. To 
the centre ring the chain for lowering and raising the machine is to be 
fixed, of a length greater or less according to the depth of the well. On 
the well two bullees should be fixed, with an iron block made fast to the 
junction. The bullees should not be less than 10 or 12 feet in length, 
stayed on either side to the ground. A wooden platform 6 feet x 4 feet 
composed of 1 inch sal planks made fast to two under cross pieces, is 
also required, and two 3-inch ropes, one made fast to the key keeping the 
jaws of the machine open, and the other to the centre ring in the short 
chain first mentioned. 


In working, the machine is opened on the wooden platform snd the 
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key fixed. It is then lowered into the well, and on reaching the bottom . 
the key is withdrawn; the rope attached to. the latter should be coiled on 
one side of the platform ready for use. A gentle pulling-and-giving motion 
should now be applied with the rope attached to the centre ring of the 
short chain, slowly at first, and as this peculiar motion causes the jaw of 
the machine to sink or cut into the sand, the strain should be increased, till 
there is no further yielding to the pull which two men can put on the 
rope. The machine should then be raised and landed on the wooden 
platform. The operation of re-setting it for lowering, releares the sub-soil 
brought up and saves all trouble in emptying. 

The average quantity brought up, when the machine is properly work- 
ed, is 2 cubic feet; and in a well of 12 feet 6 inches diameter, 38 feet 
deep, there is no difficulty in working it 25 times in an hour. 

Three men on the top of the well, (not including those employed in 
removing the sand, which I find best done by contract,) and 15 men to pull, 
are required to work the hand dredger. The average performance per 
day in a 12 feet 6 inches well is 3 feet of sinkage for regular work; and 
practically speaking the depth of the well is of no consequence, the differ- 
ence of time taken by the coolies walking 10 or 50 feet being inappreci- 
able as compared with the time taken by each operation. 

The dredger is principally intended for working in sand, but brings rp 
anything which is cut up so that it can grip it. The motion of the 
wells being constant they should not require weighting ; and, up to 35 
feet, I have not found it necessary to weight the well. 


W. B. 
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APPENDIX B. 
Ovpn axp Roumxurp Rarway, Ronmxcxp Lr. 


Comparative Statement showing the sinking done by a Sand vane? and 
Bulle Hand Dredger in a Well 14 feet diameter. 


Bull's Hand Dredger. 2 feet diameter Sand Pump. 
The dredger was tested on a well sa The sand pump was tested on 
had been built, .. “ aa . 50 feet. a well that had been built.. 50 feet. 


Sunk below surface, «. « oe 80 , | Sunk below sarface, .. BO ,, 
Depth below water, oo = aes oe 20°4,, | Depth below water. «- «. 22°9,, 


Norz.~-There were no weights on this well. Norre.—This well was weighted with 
rails and sand boxes, 








. 
ct HW Wal pone, =|] | ant 
4 60 06 Through sand, .. oo 9 + | Sand. 
1 188 | 1:2 Ditto, ws eo | 12 10 | De. 
1 182 | 1:2 Ditto, «= oe F OK | OD | Dow 
1 | 147| 18 Ditto, oo =e FOB 18 | Do. 
} 125 | 18 | Sandwithclay, .. . {| 14 | 010} Do, 
2 | 168] 13 Ditto, oe §=0s one F 4 | OD | 6CDo, 
4 162 | 10 | Layer proportion of clay, | 16 18 | Do. 
1 190 | O11 Ditto, oe )=— ae F oD | «(OL ] «~Dow 
1 155 | 13 | Sandandclay, .. .. | 14 | Ol11/ Do. 
2 | 200; 16 Ditto, oo «=o Fe O14 | «(8 | Sand and silt, 
1 162 | 19 | Sand and silt, .. oe | 14 06 Do. 
I 150 | 111 As Giomen be 5 03 | Pump out of water. 
1 | 170| 14 | > Ditto ta so the acon 8 ee 
1 190 | 1°4 the dredger. 11 4 
1 | 188; 09 | Clayandsand, .. .§ 12 -. | All empty. 
“44h | [188 | 108 
a aad “197° Average making pe _ 70 Average sinking per 
diem, .. ee diem, 


unrest 6mm mrhlrrllCd Le TEES 06 
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No. XXVII. 


ON THE ERRORS OF GRADUATION OF THE LIMBS OF 
INSTRUMENTS. 


By Lisot. Attan Conninanam, R.E., Hony. Fellow of King’s 
Cullege, London. 


Ir is a matter of great importance for purposes of angular measurement 
that the differences of readings on the graduated plates of surveying and 
astronomical instraments should be very approximately the projections 
(on the plane of the graduated plate) of the angular movement of the line 
of sight between the readings, and that one should know how to combine 
readings to the best advantage to eliminate the inevitable imperfections in 
the graduated plate itself. The necessity of, and the mode of doing this 
are seldom even casually alluded to in text-books on Surveying, and in no 
case have I seen the rationale explained, although every surveyor ought 
to be aware that he habitually uses the very means to eliminate them. 

' The errors due to imperfections in the plate itself are of several kinds. 


Ist. Owing to defective centering, whether original or in consequence of un- 
equal wear of the pivot, the axis of the pivot may not pass through the 
centre of the graduated Jimb. 

2nd. Owing to original deformity of the limb itself, ¢. ¢., previous to graduation. 

Srd. Owing to deformation of the limb (from any cause) subsequent to gradua- 

tion. 

4th. Owing to originally imperfect graduation. 

Tt will be shown that the errors due to these four causes may be 
éliminated. 

lst, Case.—By the use of two, four, or six verniers at 180°, 90° or 60° apart, 

even. if the error be large, and also by the use of three verniers 
at 120° apart, when the error is small. : 
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xg Wd. Case,--By use of three, four, or six verniers at 120°, oP, or 60° epart, when 
the deformity is elliptic and small. 

Spd Case,—By use of three, four, or aix vernlers at 120°, 90°; or 80" apart, when. 
’ ise deformity is elliptic under certain laws, even if the. ered, ' 

rn) Case.—By the nse of several verniers, if the error be small. a . 

Te will be observed that the means indicated, viz., reading on’ ‘several 
‘verniers i is that in habitual use; and that, moreover, as the errors due to 
each cause are in a good instrument each very small, any combination of 
them may be eliminated by the same means. 

On the character of the errors that can be eliminated by the use of several 
verniers.—The errors (in estimating angles) that can be eliminated by 
combining readings on several verniers must obviously be some function 
of the angle; and, moreover, some periodic function of period coincident 
with an entire swecp of the radius vector round the circumference; as if 
susceptible of indefinite increase with the angle, or even if a periodic func- 
tion whose period differed from 27, no combination of readings could 
eliminate the error. 

The simplest periodic functions of period 2x are the trigonometrical 


functions. Since 


Bin (180°-+-A) = —sin A, and cos (180°-+-A) = —cos A, . wcccee cee sesece oop ecacescecece oetonvenvee( 1) 

Sin (2 x 90°-4-2A) = —sin 2A, and cos (2 x 90°-+-2A) = —cos 2A. aes sescsees ose{2) 

Sin (120°-}-A )-+-sin (240°--- A) = — sin A, and cos (120°-+4-A)-+-cos ( 240°) = =—Cos ok. (8) 

Ain(2 x 120°4-2A)-+-sin’?2 x 240°-+-2A ) =: ~sin 2A, and coa(2 x ried +008(2 x 0°24) = = mee 

Sin (3 x 60°+3A)=— sin 3A, and cos (3 x G0°-++-3A)= — cos3A . eno oes ene onensvcce cesses cee sen ccenesees ave 0) 
It follows— 


(1). Errors proportional to either sin@, cose, or to J, sing + 
m, cos, will be equal and opposite in readings on verniers diametrically 
opposite, and also (3) equal and opposite to the sum of errors in readings 
on two verniers 120° and 240° distant from the first vernier. 

(2). Errors proportional to either sin 26, cos 29, or to J, sin 29 -+ 
m, cos 29, will be equal and opposite in readings on two verniers 90° apart, 
and also (4) equal and opposite to the sum of errors in readings on two 
verniers 120° and 240° distant from the first vernier. 

(5). Errors proportional to either sin 89, cos 36, or to J, sin 89 +- 
ms; cos 8@ will be equal and opposite in readings on verniers 60° apart. 

It follows that taking the arithmetic mean of readings— 

(1). On only two verniers diametrically opposite eliminates errors 
proportional to J, sind +- m, cod. 
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(2). On four verniers ‘st 90° apart, or (8) and (4) on three yerniers 
"wt 120° apart. on preeortiene’ 10° sind. htm One + 
% dei 2e bm, cos Be 

{1} 40 (5). On: 6. verniers at 60° apart eliminates errors provaational 
to 1, ‘sing + wi, 0080 + J, sin 36 -+ m, cos 20 + I, sin 30 mn, ein, 8, 

N.B. —The verniors must be truly 180°, 120°, 90°, or 60° apart teapeo- 
tively, not as estimated on an incorrectly graduated plate, so that every 
pains must be taken to secure the acouracy of the angular splay of the 
verniers independently of the graduations on the limb. 

The formulas show that a pretty comprehensive class of errors can ba 
eliminated by the use of three verniers, and a very extensive class by the 
use of six. Indeed, six verniers have apparently sufficed to remove all 
appreciable error in the largest plates or limbs. 

The formule may, however, be made much more comprehensive. 

Since E’ == — E”, if either sin n E’ == — sin n E’, or tan x EH’ = = 
tan n E”, or cot n E' = — cot n E”; then if E’, E” be the errors in read- 
ings corresponding to two readings, it follows that if either HE, sin » EH, 
tan 2 E, or cot 2 E, or any linear combination of them, such as F (E) = 
(ki, E + & sin n, E + &, tan n, E + & cot ™ E) be proportional to 
i, sind + m, cosd + J, sin 26 -+- m, cos 20 + J, sin 36 + ms sin 86 
then the errors will im general* be eliminated in taking the mean of read- 
ings on 6 verniers 60° apart; or if proportional. to (J, sin@ -- m, cos6 
++ J, sin 20 + m, cos 24) by using 4 verniers at 90°, or if proportional 
to (1, sin? + m, cos®) by using 2 verniers diametrically opposed. But 
since if sin E’ + sin E” + sin E” = 0, or tan E’ + tan EB" + tan E” 
== 0, or cot E’ + cot E” + cot EK” = 0, it does not follow that KE’ + KE” 
+. E”’ = 0, therefore the use of 3 verniers at 120° apart will not neces- 
earily eliminate this class of errors if of sensible magnitude. 

But if the errors E, E”, E’” be all very small, then since a very small 
angle, its sine and tangent are all very nearly equal, it follows that if 
(k, E + &, sin E + &, tan E) be proportional to J, sin® -f- m, cos@ + 


® Because the most obvious solution of k, (f’ + EB’) + &, (sin nN, i + ein 2, EY) -+ &, (tan N. 
HY + tan n, RB’) + k, (cot n, EY -+ cot n, EB”) = O, is B = = E’, so that the errors would in general 
be eliminated : there must be an infinity of other solutions ; it is probable that they are all “ instrye 


mentally’ impoesibie, thongh the author is not at present prepared to prove this: but by far the m 
important case is that in which theerror E is very small. In this case, if F(E) = (4, B+ &, sin n, 


E + é, tan», B), or if F (E) = cotn, EB, n,, n,,n, being all small, then E’ = - B Is the unique 
solution of the respective equations in Py, B, 
VOL. I.—=SECOND SERIES. 2 
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4, sin 20 -+- m, cos 20), E being very small, then the error will be elimi- 
mated by taking the mean of readings on 8 verniers 120° apart. 


Case 1.—ZExcentricity of the pivot. 


Let 1, V,, vy V,, be the graduated plate (supposed circular), O its 
centre, O the foot of the axis of the 
pivot of the telescope which carries with 
it the verniers which should be so placed 
(by the maker) that the line joining 
the zeros at V,, v, of an opposing pair 
should pass through O. Suppose the 
telescope to be turned through an an- 
gle V; O V,; then the angle that is to 
‘be arrived at is V,OV,, whereas the 
angle obtained as the difference of read- 
ings on the vernier V is V,CV, and on 
the opposing vernier v is v,Ov,. Join 
0,V,. 

Now the angle V,CV, = 2 Vv, V2, and v,Cv, = 2 0, V, »,. 

“. V,CV, + uCv, = 2 (V, v,V, + 0,V,»,) = 2 V,OVs | 
#, @., the required angle V,OV, is the mean of the angles V,CV,, v,Ce, 
obtained as the differences of readings on two opposing verniers, (pro- 
vided the linc joining their zeros passes through O the foot of the 
axis of the pivot,) even though the excentricity be considerable. 

If the error in reading at V, be estimated from the radius through 
CO, then the error is difference of AOV, the required, and ACV, the read 
angle, 4. ¢., the error is AOV, — ACV, = OV,O: gall this EH, and let 





AOV = 98 « sin E = cf CO sind, i.e, sin E is 


proportional to sin?, 
. Bence it follows that this error is of the class which when considerable 
oan only be eliminated by using two, four, or-six verniers equally dis- 
tant in arc, and when very small is also eliminated by using three ver- 
niers. Since the angle AOV, is obtained correctly by taking the mean 
of readings on V,, v,; and similarly also the angle AOV,, it follows that 
the angle V,OV, will be obtained correctly even if the whole plate be 
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ehifted between the times of observing V:, Vs, so that its centre remains: 
on the fixed line OA, provided the point O remain steady. 

The above result has been obtained on the supposition that the plate 
is truly circular. 


Case 2.—Original Ellipticity of the Limb. 


The plate which is to be graduated is made as nearly circular as posei- 
ble by turning ina lathe. Slight defects are likely to ensue in the turning 
from the following causes :-— 

ist. The plate may be slighly excentrically chucked. 

2nd. The plane of the plate may be not quite perpendicular to its 
axis of revolution. 

8rd, The tool or the plate, or both, may not remain quite steady 
during the revolution. 

_ The first two causes would, whether separately or combined, cause the 
plate to be turned elliptic, and the third would do the same, if the rate of 
deviation from the mean position were uniform, and of period the same 
as one revolution of the plate. 

It may, therefore, be assumed that the most probable form of a plate- 
intended to be circular is a very slightly excentric ellipse. 

Suppose then, that the plate is 
before graduation, the very slightly 
excentric ellipse AB, A’ B’. The 
graduation is performed by subdivid- 
ing the length of the circumference 
into equal lengths.® 

It will be convenient for the pre- 
sent to measure arcs on the ellipse 
from one end B of the minor axis 
BB’ (as if B were the zero of gra- 
duation). Let P be any point on 
the ellipse, p OA the excentric angle corresponding to P, BOP = 9, 3O0p 


== ¢, AA’ = 2a, BB' = 23,2 = 1 ~— 5 a fraction so small that e*, ¢*, 
&e., may be neglected. Then the value of the angle BOP obtained by 
reading the vernier at P will be measured by the ratio of the elliptic 





* Seethe Article “ Graduation” in Charles Knight’s English Cyclopedia, Artaand Science Division. 
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arc BP to the whole circumference of the ellipse, instead of by (aa it 
should be) the ratio of the circular arc bP, to the whole circumference 
of the same circle, so that the error will be the difference of the ratios 


length of arc BP length of arc bP, 
Circum. of ellipse Circum. of circle © 


Now, the length of arc BP = Sf i (2 — ¢° sin? ¢)) hap 
= St : (2 ~ e sin? ¢ — terms involving ¢, e*, &e.) dg 


= Sf 4 (1 —_ e sin? >) dg very approximately, e being very small. 


=ag— % So pain goon g}mmel(1~2)6-4 2's I. 


Similarly the length of the circumference of the ellipse 
Lis 
.. 

== 4a f'F (1 _ = sin’ ¢) dp 

=2ra(l — - ) very approximately. 
Also the length of arc bP, = a6, and of circular circumference == 29a. 
To compare these, the expression for the elliptic are BP, which is now 

in terms of ¢ must be changed to its value in terms of 0. 


Sine ¢ = bop is the complement of pOA the excentric angle corres- 
ponding to POA which is the complement of 6, therefore 
tan ¢ = 2. tan@ = (1 — e*)* tand. 
Now if 2@ be the very small angle by which 6 differs from ¢, 


Then 2 tn 2(rry en) = tan (09) = te 


- {1 _(1 — et} tand . rai yt tant} 
= {1-a- 3) } tand. 1+(1 ~ $) tanto 1 
very nearly, e being very small | 


= § tong. (socto —$ tan’ ) | =e 


sin@ cosd (i _ 4 sin*0 y 
= ‘ sin 26 very nearly. | 
Hence the length of arc BP which was shown 
=a (i- )¢ +£ sin2g } becomes 
BP =a { (-; © )e- 20) + £ sin (26 —2%)} 
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=a { (1 — F)o — a) + £ (sin 20. obs 239 —cos 28. cin 220) | : 


i @ { (1-7) @- $0) + £ (sin 2¢ _ 230. cos 20) } , 


cos 22@ being very nearly = 1, and sin 226 being very nearly = 280, 
3 2 2 
= @ { (1 ~7)( 6— : sin 20 ) +5 (sin 26 ~ $ sin 20 cos 26) | ’ 
(substituting for 3) . 
=< | (1— :) ¢— . sin 26 very nearly. 


a {(i-¢ pee sin 26 | 


. Length of elliptic arc BP 8 





** Circumference of ellipse gon ( e . 
is e?sin 20 
16 ra @ A ) 
Also Length of circular arc bP, __s a9 
Circumference of circle ~ 22a 2” ° 


”. Error in angle BOP = — e’ sin 26 — 16a ( 1 — : ): te Gs, 
the error varies as sin 20, and is therefore of the class that are eliminated 
by reading on either three verniers 120° apart, or on four verniers 90° apart. 

These results have been obtained on the supposition, (most convenient 
at the time,) that the end B of the minor axis was the zero of graduation. 
If however the zero of graduation be (as is most likely) at some other 
point Q on the curve, then every reading will be also affected by the ad- 
ditional error due to the ellipticity of the arc QB, but as this will be the 
same for every reading, it will disappear in the values of angles because 
these can only be obtained as differences of readings. 

Hence it follows that if the original ellipticity be very small, all error 
due to ellipticity will be eliminated from the fina] values of angles by 
taking the mean of readings on three verniers at 120° apart, or four 
verniers at 90° apart; the zeros of the verniers should be set by the maker 
to subtend a right angle (not 90° as measured on the elliptic arc) at the 
centre of the curve. 

This result has been obtained for the particular case of the ellipse on 
account of its importance as the most probable form of curve. A pre- 
cisely similar reasoning would show that any slightly excentric curve 
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resembling an ellipse whose arc could be represented by the formu 
s=za { ko —e(k,’ sind +h," cos?) ~— e(k, sin 26 + &," cos 26 
— ¢ (k,! sin 80 + &,” cos 30) -- &e.,} 
where ¢ is a very small fraction such that e', e, &c., may be neglecte 
where @ is the vectorial angle BOP, would produce an error in the ang 
BOP proportional to 7, sin? + m, cos? + 1, sin 28 -+ m, cos 26. 
1, sin 88 -+ m, cos 89, which it has been proved could be eliminated t 
using 6 verniers, and if ¢ be so small that ¢ may be neglected, the 
L, == 0, mm, == 0, and the error then could be eliminated : by. using. 8 or. 
verniers, 

A very large class of curves sof the higher onders are obviously inclade 
in this generalized formula, which expresses the relation. betwean tl 
arc ‘snd vectorial angle: the differential polar equation which, would les 
to this is dr? + r* dO? == da’, 


Casz 3.—Alieration of the Shape and Size of the Plate. 


There are certain laws under which even considerable alteration me 
take place in the graduated plate without aneouing the resulting value 
of angles. 

(1). Simple radial alteration, viz., that in which tho lengths only « 
some or all of the semi-diameters are affected : as this does not affect tt 
angular position of any semi-diameter, it does not affect the readings « 
the limb. It is worthy of notice that the readings will not be affeote 
even if this alteration be extensive and irregular. 

(2). Simple alteration of the size of the curve (if originally slight! 
elliptic), such that the change of length of arc may be proportional to i 
length. Referring to the article on “ Original Ellipticity,” (Case 2), if th 
change per unit of arc be &, then the change ir the elliptic arc BP 
KBP, and the change in the elliptic circumference is k X circumferend 
therefore the elliptic measure of the angle BOP in the altered plate | 
a i i seiginal sircmetoronc® which is the same as before, that is to sa: 
the semi-diameter BP has suffered no change of angular position. Henc 
the readings are not affected by this change. This is evidently a case « 
simple radial alteration. 

(8). Simple translation, viz., that in which the whole plate is shifte 
(without rotation, and without relatively straining its parts) in its ow 
‘plane, If the foot of the axis of the pivot of the telescope partake of th 
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motion, the readings will not be affected: but if it do not, it will become 
excentric, and all readings will be affected by the error of excentricity. 
It has been already shown (Case 1), how the values of angles are neverthe- 
less obtained correct in this case. 

(4). Simple rotation about the centre, viz., that in which the whole 
plate is rotated about its centre (without straining its parts relatively) 
in its own plane : as this simply shifts every semi-diameter through equal 
angles, it affects every reading by an equal amount, and does not affect 
the values of angles which can only be obtained as differences of readings. 
| (5). Any combination of the above. The same processes that elimina- 
tederrors.of niigles in the separate cases will when combined eliminate 
the acctimulated errors. ‘It should be noticed that change under dondi- 
tions’ (1) and (2) may occur at anytime even between the times of read- 
ing different verniers without affecting the readings, also that a shifting 
of the whole plate along the line joining its centre to the foot of the pivot 
may take place under condition (8) between each observation, (but not 
between the set of readings on the set of verniers required to complete a 
simple observation,) without affecting the deduced angles, but that it is 
essential under condition (4) that the plate should remain steady during 
the whole of a series of observations. 

Unfortunately this rotation of the plate between observations is the 
most likely of all to occur in the act of turning the telescope from one 
object to another, especially in a thcodolite whose lower plate is only held 
by friction by a clamp: no combination of readings on verniers could 
eliminate this: it is eliminated by taking an even number of rounds of 
angles, alternately from right to left. 

_ Aluptic Deformation of the Plate.—The changes (1) to (5) in the plate 
above considered have not affected the relative angular positions of the 
semi-diameters ; changes of the lattcr class might be called deformations ; 
they are much more serious in their effects on readings than the previous 
class. 

The law of deformation of a slightly excentric elliptic plate (which will 
include the case of a circular plate) into an elliptic curve of it may be 
different and even sensible excentricity will now be investigated. 

Referred to its axes the equation of the original ellipse is of course of 
form az* -+-. by? == 1, 
Then if X, Y be the co-ordinates of the point P in the new ellipse to 
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which any point p in the original whose co-ordinates are x, y are shifted 
by deformation, and if ¢X, éY be the change in the co-ordinates, then 
esx X + 5X,y= V+ ty 

2 a@(X + 2X) + O(Y + CY)! = 1, is the equation of the new curve, 
gX and 2Y being at present unknown functions probably of the co-ordi- 
nates. Now as the new curve is to be elliptic, 3X and SY must be of 
such forms that in the result the co-ordinates X,Y are not inyolved with 
negative indices, nor with positive indices higher than the square, so 


that 5X must be of furm a, + a,X + bY 2 where the functions whose type 
ss b, + bY + @,'X§ is a,b must be constant, :. ¢., in- 


dependent of the co-ordinates, and also constant for every point of the 
curve, 

The equation of the new curve is 

(al + a? + ba.) X? + 2 (ab, 1 + a, + bay 1 + b,) XY 
+ (ab,* + b1 + 67) Y? + 2 (aa, 1 + a, + bb, a')X 
+ 2 (bb, 1 + 6, + aa, b,’) VY = 1 
which represents some conic section, and necessarily either a circle, or 
ellipse, because the changes 2X, SY are supposed finite ; no finite deforma- 
tions could deform a limited curve (as an ellipse) into a hyperbola or 
parabola which have infinite branches. 

Moreover, as in practice the changes 6X, 3Y are very small, the result- 
ing curve will be only slightly excentric, as no small deformations could 
convert the originally very slightly excentric ellipse into one of great 
excentricity. 

Interpreting the law of deformation, it appears that the original curve 
will be converted into an ellipse, if the changes in either or both of the 
co-ordinates be 

(1) Independent of the co-ordinates viz., ®X == a,, SY = 6,. 
(2) Simple direct functions of the same co-ordinate, viz.,2 X =a, X, 
dY = bY. 
(8) Simple direct functions of the other or of both co-ordinates, viz., 
2X = b,/Y, dY = a,'X. 
Or 3X == a,X + 5,/'Y, dY = 6,¥ + a,'X. 
(4) Any combination of these. 

On comparing the equations of the new and old curves, it is seen that 
-~—(1); The only terms of the first order in X and Y are introduced 
solely by the first condition and also, that this condition affects no other 
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‘flerms : consequently, this condition simply causes 4 translation of the whole 
plate in its own plane without affecting its shape or causing rotation. The 
effect of this change has been already fully considered; as'it in na way 
affects (2) or (3), it need not be re-considered : it is in fact nota sare 
mation. 

(2). The effect of the ara condition is simply to alter the < 00- 
efficients of X* and Y’, and therefore to alter the lengths of the axes 
(without rotating them), and consequently in general the excentricity also : 
the angular positions of all semi-diameters relatively to the axes are 
altered (this may easily be seen by laying the curve down on paper). 

(3.) ‘The effect of the third condition is to introduce the term XY and 
also generally to alter the co-efficients of X’ and Y®. The axes of the new 
curve are.in consequence different in position from the original axes, and 
there is in general an alteration in the size and shape of the curve, and 
also in the relative angular position of all semi-diameters. 

The proof shows that deformation of an ellipse into an ellipse takes 
place (if the changes are algebraic functions of the co-ordinates) only 
when the changes in the co-ordinates aro linear functions of the co-ordi- 
nates, viz., 3X =: a,% + b,'Y and d¥Y = 6, Y + a,'X. It is, probable, 
elliptic deformation might also take place under a great variety of transcen~ 
dental Jaws of change: it has already been shown that if the change in 
length of are be proportional to the length of arc (which change is of course 
a transcendental function of the co-ordinates) no angular deviation of the 
semi-diameters takes place; the graduation of the elliptic plate by equal 
subdivision of its circumference is moreover equivalent to deformation which 
is a transcendental function of the co-ordinates; this has been already 
considered, but the general case of elliptic deformation is too wide a 
subject to be further discussed here. 

‘For purposes of angular measurement, the angular deviation 20 of 
the semi-diameters is the only important one: the change of form of curve 
was however much more easily investigated by using rectangular co-ordi- 
nates. Changing now to polar co-ordinates, let R,e corresponding to X, 
¥ be the co-ordinates of the point P of the new curve to which the point 
p of the original whose co-ordinates are 7,9 (corresponding to #,y) is 
shifted in deformation. Also let 2R, go be the differences between the 
polar co-ordinates, (correspending to 2X, SY) 


Nowe = (Fy). aX 4 (Sp). 2Y, and’B= (Fy). sX+ Gy x 
VOL, L=—SECOND SERIES, 
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And sings © == tan-? Zand Rox 2TH i, 


~ (B)=-b ®=% G2) =-3 =F | 
ntomd (ZaT Yada (Xk4 Tlf) 
toma, { X,Y +o’ X)—V(a,X+/¥) }, 
= a,’ cose 4. f+ sin 20 — 5’ sind, 
mari 4 aE Tin 90 4 TE Tote }, 
Rai {X(a,X+5/ ¥) + ¥ (a) +8) ¥)} 
= { a, cote + tein 20+ bento } 


= od {ah +a/ +8, sin 2e +- a, — 6, cos 20 } 
The chango 2o will be the error in the angle @ measured from the end 
of the major axis of the new ellipse; being of forma + J, sin 28 + 
m, 008 20, the periodic portion of it will be eliminated (as was shown in the 
article on the character of these errors) by taking the mean of readings on 
two verniers 90° apart, ¢. ¢., on a set of 3, 4, or 6 vernicrs. 

a, — b,' 
2 
error due to the arc between the zero of the graduation and the end of 
the major axis will affect all readings alike, and will therefore disappear 
from the value of angles which can only be obtained as differences of 

readings. 
Casz 4.—Errors due to oviginal defective graduation. 


The original graduation of large plates is effected by subdividing into 
sixteen as nearly as possible equal parts, the length of the circumference, 
viz., by running a wheel round the plate which makes just 16 revolutions 
in a revolution round the plate: such extreme care is taken in marking 
- each complete revolution, and in making allowance for slipping of one disc 
on the other, that it may be assumed that such small errofé as <o creep 
into the resulting graduation are either irregular, or else functions which 
are practically evanescentat any rate at 16 pointe equidistant round the 
eurve; and attaining a maximum in the intervals. 

It is extremely probable that small errors which are irregular, and 


The constant portion a == of the above error, and also the 
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“ales: errors: ‘which have many: ime: and stints ; points: of -pineti 
“evageaence) witttbe practically ‘eliguinated | by taking readiage ta Hevarh 
part ie of the” plate}: tyes, dy sisting: several reraiors, but the ‘aitlios Same - 
er were that, the moat probable defects of graduation lead to. vin nm, : 
s hich are either’ directly proportional to, or suchthat | 
F(E) = BE +. k, sin ny E -+- &, tan n, E is proportional to h Sint 
| ain, 0008 et, sin 26 4. m, cos 26-4 2, sin 80 + m, sin 88, een 
cetiaiily and entirely eliminated by the use of 6 verniers. 


‘*. 






Sommary or Resvuts. 


_ It has now been shown 

(1). That if the plate be truly circular, errors due to excentricity of 
pivot, even if considerable, and even if the plate suffer a considerable 
translation in the direction of the excentricity between the observations 
of each point are eliminated by the use of any even number of verniers 
diametrically opposed. 

(2). That if the plate be originally an ellipse of very slight excentricity, 

‘provided the graduation on it be such as to sub-divide the length of the 
circumference equally, all. errors will be eliminated by the use of three or 
four verniers 120° or 90° apart. 
' (8). That if the plate (even if originally slightly elliptic) be deformed 
into an ellipse (even of considerable excentricity) by changes (even if con- 
siderable) in the co-ordinates of every point which are any linear function 
of either or both, all errors will be eliminated by the use of three or four 
verniers at 120° or 90° apart. 

(4). ‘Phat it is extremely probable that very small errors of original 
defective graduation will, if irregular, or if of frequent periodicity (#. ¢, 
if passing through their period many times in the circumference) be prac- 
' tically eliminated by reading on several verniers. 

(5). That in general any error E such, that the function 

F (BE) = 4, E + &sinn, E + & tann, E + & cot n, E is propor- 
tional to 1, sin? + m, cos? + J, sin 20 + m, cos 26 +- J, sin 39 ++ m, 
‘eos 86; is eliminated by the use of 6 verniers, 

But if all theee sources of error exist together, as is probably the case 
in practice, the errors will not be eliminated unless very small (as they 

really are in a good instrument), in which case by the theory of the super- 
position of small motions, they will atill be eliminated. . 
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No. XXVHI. 
KAMATEEPOORA CHURCH. 


Be J. H. E. Harr, Esq., C.E., Superintending Engineer, Bombay. 
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o Description.—The Kamateepoora Church ig situated in the midst of 


the native houses in the town of Bombay, neax Byculla, and is intended 
for the use of Native Converts. It was designed by Mr. W. Emerson, 
Architect, and bailt by Mr. Stevens, Assistant Executive Engineer, 


-tinder Colonel Fuller’s superintendence. The style of architecture is early 
’ French Gothic of the 12th century. The nave is 41 x 24 feet, chancel 
.19 x 18 feet, and vestry 12 x 8 feet Ginches. ‘The nave is lighted by four 


two-light and four cinquefoil clerestory windows on the south; one two- 
light, one three-light, and two cinquefoil clerestory windows on the north; 
and one large circular rose on the west. The chancel in lighted by one 


“two-light window on the north, one on the south, and one three-light on 
~the east. The windows are iron framed, glased with amber colored church 
“' glags, set in lead, and supplied from England on indent. Between the 


nave and chancel is a handsome Porebunder stone arch, supported on 
carved corbels. There is a wide Porebunder stone arch on the north side, 
having a large three-light wiudow built in, which will be utilized for the 


«ymorth transept, should further extension be deemed necessary. The wails 
(fare of rubble stone and chunam masonry faced with blue basalt irregnlar- 


ay fitted rubble neatly pointed. The quoins,.sérnices, strings, mullions, 
"window heads, and interior arches are in Porebunder stone; the exterior 
main arches in Coorla stone. The roofs are double, and of novel con- 
struction, and very effective for ventilation. Between each of the principals 


gsaave placed laminated beams cat to the curve of the inner roof #0 as to 
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take boarding and pannels, which are pierced with geometrical patterns 
to form the ventilators, thus affording direct communication with the 
ventilators immediately under eaves of the roof. There is an air space 
all round between the upper tiled and the lower curved roofs, which 
ensures a thorough system of ventilation so essential in an Indian climate, 

The building contains 82,000 cubic feet, and the cost being Rs. $8,981, 
the rate is 7 annas and 7 pies per cubic foot, 

Half the cost is met by the Society for the Propagation of the Gospel. 


ABSTRACT OF Cost. 
¢. ft. Res. 
10,448 Excavating foundation, at Rs, 1-11-2 per 100, o. oe oe 177 
2,820 Concrete foundation, at Rs. 25-12-9, per 100, .. oe oe 599 
7,700 Rubble stone and chunam foundation, at Rs, 23-3-6, per 100, .. 1,788 
1,525 ” plinth, at Rs. 27, per 100, ee ee ee oe 412 
8. ft. 
8324 Blue basalt facing to plinth at Rs. 25 per 100, ,. sis a 83 
c. ft. 
123% Coorla cut stone coping to do., at Rs, 8-9-6 per cubic foot, «. 52 
48% Coorla cut-stone quoins to do., at Rs, 3-5-8 per cubic foot,  .. 162 
76°784 Filling in floors, at Rs, 3-0-8 per 100, .. oe ee eo «= 2354 
s. ft. 
47°60 Stone pavement with bedding, at Rs. 131-12-7, per 100, os 63 
8003, Asphaltc, &c., with bedding, at Rs. 45-3-1 por 100, .. oe 862 
569 Minton tiled flooring do,, at Rs. 136-15-3 per 100, oe oe 779 
c. ft. 
1763 Blue basalt cut-stone steps, at Rs. 2-9-1 per cubic foot, .. oe 453 
13,982 Rubble stone and chunam walls, at Rs, 27-7-2 per 100, ee 3,838 
s. ft. 
4,969 Irregular blue basalt facing, at Rs. 15-2-4 per 106, oe oe 758 
5,166 Chunam plaster, at Rs. 12-8, per 100, .. ee ee oe 646 
c. ft. 
8633 Coorla cut-stone archwork, at Rs, 3-12 per enbic foot, .. o> 1,365 
7494 Brick and chunam arches, at Rs, 45-10-2 per 100, ee ee 410 
8203 Porebunder stone mullions, at Rs, 3-8-8 per cubic foot, .. eo 1,137 
eft 
510 PP. B. stone strings to windows, at Rs. 8-10-1 per cubic foot, .. 1,853 
c. ft. 
290 Porebunder stone arch work in window heads, at Rs. 3-12-8 per 
cubic foot, ee ee oe aa ee eee es eo 1,101 
6% Cnut-stone bases to columns, at Rs. 4 per cubic foot, .. oe 27 
a. ft, 
284 Extra labor for roll moulding, at Rs, 0-2-6 per sup. foot, oe 87 
No. | 
2 Hemmygur stone caps, at Rs. 62-11, each, oe se ee 125 
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Abstract or Cost. (Continued). RS. 

c. ft. 
78 P.B. stone sills to windows, at Rs. 13-4 per cubic foot, ee §«=—- 687 
858} ‘a Pm quoins and jambs, at Rs. 3-0-9 per cubic ft., 2,619 


623 P. B. stone cornice below tie-beams, at Rs. 8-0-3 per cubic foot, 189 
4694 BP. B. stone arch work over do,, at Rs. 8-8-10 per cubic foot, .. 1,669 
22k §=4, 4  corbels in front, at Rs. 8-9-7 per cubic foot, oe 106 
6 je 45 ‘i north side, at Rs, 8-8 per cubic foot, .. 21 


2 Red ‘stone shafts, at Rs. 47-] each, ee ee oe ee 94 


1223 Corbels, large, with bases, at Rs. 4-4-5 per cubic foot, .. ee 21,791 
24 » small, at Rs. 8-8, per cubic foot,.. oe ee ee 9 
$2} Blue basalt stone coping, at Rs. 8 per cubic foot, sei. ee 97 
.. $8} Brick and chunam walls, at Ra. 50 per 100, +» oe oe 26. 
Bo, | 
“. .2,@ BP, stone caps to buttresses, at Rs. 4,each, «2 oe oe 26 
Or Ge Be _ 
~~" &% Coorla cut-stone corbels, at Rs. 4-8 per cubic foot, 1. +» 28% 
a 6 eae 2 
12016 Teak doors, complete, at Rs. 8-7-8 per saperficial foot,.. os. 445 
667 Glazed windows, do., at Rs. 6-4 per superficial foot, .. .. 8,644 
#q. ft. 
4,187 Roof complete, at Rs. 180-3-1 per square foot, os + 5,886 
aft 
64 P.B. stone gable cornice, at Rs. 8-4-10 per cubic foot,., .. 1% 
‘423 pa finials, at Rs, 2-10-9 per cubic foot, .. eo ee 86 
No. 
4 Teak trusses, complete, at Rs. 277-14-9 each, oe ee 1,112 
Tympanum and vesica, .. ee ee ve as ee §=6 T18 
Weat and north porches, .. ee oe oe oe o» 1,078 
Belfry tower,. ° oe oe ® oe oo oe ae 2,102 


Total, Rs, ee oe oe ea 87,863 

FURNITURE. 
Pulpit, at{Rs. oe ee ee ee ee ee ee 200 
Reading desk, at Rs, ee een ee ee oe 45 
Altar railings, at Rs. oe oe oe oe os . oe ~§©6 DBL. 
Font, at Rs. ee oe ee oe ee ee ae ee 158 
Benches, large, at Rs. ee ee ee ee oe eo «= GTS 


” small, at Rs. oe oe ve ee ee es 78 
Altar tables, and 2 chairs, .. oe ee oe ee ee 160 


Total, ee ae os ee ee 1,518 
Contingencies and extra establishment, .. .. 1,619 


40,500 
_ he Pulpit, Reading Desk, Font are of Carved Porebunder stone. The Altar Rail 
of Teak or Iron, 
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No. XXIX. 
AKOLA IRRIGATION PROJECT. 


A Precis of the Akola Project for Irrigation and Water Supply. By 
Lowis Jackson, Esq., C.E., rec. Engineer, Berar Irrigation. 


Tus proposed works consist of-— 
lst.—A reservoir formed on the Morna River, by a masonry dam and 
earthen embankments, east and west of it. 
2nd.—An irrigation channel from it, five miles long to the first water- 
shed, and three miles more to the second and third water- 
sheds, from the river, to the east. 
8rd,—Filter bed, drinking and bathing basins, with a fountain at the 
gate of the city of Akola, with pipes to it, 14 miles long. 
Masonry Dam.——625 feet long ; extreme height 36 feet ; area of section 
down to 30 feet, ‘3H; below that 214; strengthened by counterforts 
50 feet apart, centre to centre; wing-walls rising to 8 feet above sill 
level, and reveting the earthen embaukments, which are 8 feet wide at 


top; slopes 2 to 1, and 3 to 1; area of section 8H + Hr; length of 
eastern wing, 2,751, and western wing 9057 feet. 

Reservoir.—Extreme length, 2} miles; extreme breadth, the same: area 
of. water spread, 3,240 acres; of which 1,000 alone are cultivated; and in 
which there are only three very petty villages. 

Content of reservoir :— . 


Available for perennial irrigation, cubic feet, coe = wveeS ss £:1,10,55,881 


Available for town supply, ” wes oon ese 5,84,27,860 
Waste or standing water, ‘s rn TT TT 88,438,189 
Total content, Bs cos wees Ss 47, 88,26,380 


Beside this, there will be available for monsoon irrigation in seasons 
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of extreme drought at least five times the whole content, from the Aperst 
nial flow of the river. 

Channel.—Section below ground, 45 square feet; slope 1 in 3,000, dis- 
charging 100 cubic feet per second. In first five miles are five masonry 
superpassages, section 60; discharge 150 cubic feet per second; five 
road-crossings in the station; two underpassages through embankments 
in 2-feet pipes, enclosed in masonry culverts, of a slope 1 in 150, dis- 
charging 100 cubic feet per second. ) 

In the next three miles are three superpassages and three road cross- 
ings; the trenches leading@from this main distributary to the fields will 
be made by the land-owners. 

Town Supply.—Pipes, 4-inch, sloping 1 in 500, discharge per second 
*25 cubic feet. Beds and basins excavated in rock, with walling above 
ground, Filter bed and bathing basin each 50 feet sqnare, and 15 and 
10 feet deep. Drinking basin octagonal, side 40 feet, with a jet in the 
centre, Ascending filter, through perforated walling and perforated tiles, 
then large and small pebbles, sand, and magnetic carbide. 


RS, 
Cost of wor ks, ee ee ee ee ee 2,65,582 
Compensation and road diversion, ee os 10,000 


Establishment and contingencics, at 20 per cent., 69,116 


Total Expenditure, ..  38,84,698 
N.B.—Lador in Berar is twice as costly as in Upper India and Madras, 

Data,—Catchment arca, 220 square miles; maximum down pour, 12 
inches; rnn off, 6 inches; giving 3,066 millions cubic feet in a year of 
drought, and filling the reservoir six times. 

Flood discharge, (using a local co-cfficient of 12 for the formuls,) 
Q = 12 x 100 (N)* = 67,200 cubic fect per second; assuming a flood 
velocity of 13 feet per second, gives a flood section of 5,170 square feet; 
section allowed is 625 x 8 = 5000 square feet; the measured flood sec- 
tions are in support of this. 

Land under water command 45 square miles, all fertile. Supply for 
irrigation during the 8 dry months, 41,00,00,000 cubic feet, or 19:5 cubic 
feet per second; which at a duty of 200 acres per cubic foot per second 
will irrigate 3,900 acres. 

The supply for monsoon irrigation during the four wet months is more 
than enough for the whole area under command of 45 square miles; 
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but taking half, it is 45 — 5 less for waste = 40, and < == 20 square 
miles = 12,800 acres. 


This supposes that monsoon irrigation wants a third only of that re- 
quired otherwise, and taking the area at three times, the water required 
will be the same in amount as that for the dry season. The channel 
of supply is however made large enough to supply the whole area under 
command. 

Probable return on this scheme, when in working order :— 





3,900 acres, at 7 Rupees, ius ies eee 27,300 

12,800 acres, at 2 Rupees, see sas or 25,600 52,900 
Collection, repairs, establishment, 8 per cent., ... 4,232 
Nett roturn on whole capital, 143 per cent. oes 48,668 


Nett return on capital spent on irrigation only, 17 per cent. 


Rates assumed according to the Baree Doab classification, but at 
double prices; since the cost of labor in Berar is more than double 
that on the construction of the Baree Doab canal. Hence for Berar, 
they are:— 


1 Sugar-cane, 12 which are expected to yield mean rates of 7 and 
2 Gardens, 9} 2 Rs., as above, at the least ; as there is a strong 
3 Certain crops, 5 probability that sugar-canc will be much grown, 
4 Certain crops, 3 {- all the sugar in Borar being now importe 

& Single watering, 1} 


L. J. 
July, 1871. 
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No. XXX. 
IRRIGATION OF RICE CROPS. 


Experiments made at the Shameerpett Tank, in his Ilighness the 
Nizam’s Dominions, to ascertain the quantily of water required for 
the Irrigation of Rice Crops. By Mason J. O. Mayne, B.E. Su- 
perintending Engineer, D. L. W., Hyderabad, 


1, Taz Shameerpett tank is situated about nine miles from Bolarum, (14 
from Secunderabad,) and carly in December last, I visited it in company 
with the Executive Engineer of the Division, Assistant Engineer, Lieut. 
Little, to whom the Surveys were entrusted, and Mr. Condasawmy 
Moodeliar on the part of His Highness’s Government. The season select- 
ed for commencing work was at the time the cultivation of the second 
rico crops in the Deccan commences. 

2. The tank is one of the fine old specimens found in India. It was 
constructed about 200 years ago at the same time as the Hoossain Sau- 
gor Tank was built, but it has been allowed to fall somewhat into decay ; 
and has not, I understand, been fully utilized in tho memory of living 
‘man. The collecting basin above it is about 75 square miles. When 
full the depth of water at bund would be about 40 feet, the area covered 
by the water would be about 1,375 acres. The depth of water when full 
over sill of lower sluice would be 35 fect, and the capacity up to 24 feet 
above our datum amounts to 943,700,000 cubic feet, or 34,951,852 cubic 
yards, enough to irrigate 3,500 acres at the rate deduced from this expe- 
riment. Taking the average rain-fall of 26 inches, and °8 as co-efficient 
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of discharge, the possible collection from the whole basin would be 134 
millions of cubic yards, but as there are 32 other tanks of sizes above the 
Shameerpett Tank, it is probable that the full capacity of the latter would 
never be utilized. The breadth of bund at top varies from 38 to 50 feet. 
The outer slope is about 2 to 1. The inner slope faced with coursed 
stone is generally nearly perpendicular, but in places half to one. 

8. The sluices are of the common native pattern, built on the inner 
slope of the bund in three stages, all faced with cut stone, with steps 
leading down to the lowest sluice. This arrangement, though no doubt 
expensive, simplifies the difficulty of dealing with sluices under great heads 
of water. 

4. Ineach stage two circular holes (10” diameter) are cut vertically and 
communicate with » common masonry tunnel leading right through the 
bund. These tunnels are laid in the solid ground one at either end of 
the bund. The holes aro fitted with large beams of wood passing through 
openings in the platform above, which are raiscd according to the quan- 
tity of water to be discharged. By this arrangement never more than 10 
feet head of water has to be dealt with. The timber used is of a wood 
called khyr or khyer, a species of babool, and weighs about 70 tbs. to the 
cubic foot. The botanical name is Mimosa Catechu, or Acacia Catechu. 

5. These sluices with ever varying heads and discharging the water 
under such peculiar circumstances rendered it impossible to make any re- 
liable calculations as to daily discharge frum tank, and after a few attempts 
the idea of measuring the water used by this means was abandoned. 

6. The irrigation commenced in the last week of November, and the 
level of the water in the tank at that time was taken as the standard level 
or datum for our calculations. 

7. The plan adopted was very simple. The tank was surveyed accnr- 
ately, a contour line being run round the level of the water as it stood at 
the end of November, and other six feet contours were run above that 
level, in case the water should have risen from any extraordinary causes, 
such as heavy rain-fall, or bursting of reservoirs on higher level, and also 
to enable the full capacity of the tank to be calculated. 

§. At the same time the water was traced from the tank to the different 
portions of land under rice cultivation, each of which was accurately sur- 
veyed. Originally these were reported by the villagers to be about 100 
beegahs, or 75 acres, but they were proved to amount to 280-28 acres. 
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9. When the irrigation was completed, the tank was surveyed below. 
the datum level, and so the gross quantity of water that left the tank could 
be pretty accurately calculated, and this after all is the important object 
to ascertain, as wherever reservoirs exist evaporation and soakage always 
dispose of a large quantity of water; and this tank may, from my ex- 
perience of several thousands in the Madras Presidency, be taken as an 
average specimen. The bed of the tank is generally of s rocky nature, 
80 no excess soakage took place. 

-10. Any heavy rain-falls would have rendered our calculations more 
difficult, but fortunately from the middle of November to the end:of May, 
the only falls at Secunderabad, which may be accepted for ae 
were t= 

Week ending 8rd Mareh_ si. j We oe 28 


9 ” 10th ” oe we ee 2. 
AY 99 14th April ee ee ea 7 
9” ” 21st 99 ee oe to 29 


” a” 3rd May oe eo oe 4 


187 
so all calculations on that account may be left out without affecting the 
results in any material degree. 

11. When the experiments were commenced, a very petty stream was 
was found by Lieutenant Little to be running into the tank, but so small 
that he could with difficulty measure it, and so I have neglected also to 
notice that. 

12. By way of arriving at some conclusions as to the nett quantity of 
water required, we made arrangements for mcssuring the evaporation 
from the tank. On this subject I have never before succeeded in arriving 
at any satisfactory conclusion. 

13. Ihave evaporated water from pans and from pans standing in other 
pang, but 1 always felt the results were excessive, and that the evapora- 
tion from a large body of water was considerably less than that shown 
from pans owing to the whole atmosphere immediately over the surface 
of the tank being moist. On the present occasion I ordered a water- 
tight tin box to be constructed, and sunk it in a timber raft, so that it 
might float with its edge slightly above tank water level. The box was 
then filled to tank water level, and the whole floated out a considerable 
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distance from the shore, so that the water in the box was placed almost 
in exactly similar circumstances as the water in the tank. 

. 14. On two occasions careful measurements were taken of the evapora- 
tion during the previous fortnight; other attempts were made, but fre- 
quently some trifle happened to render the measurements valueless. 

15. Between the 12th and 26th January (14 days), the evaporation 
amounted to 2°12 inches or *1514 of an inch per diem. Between the 27th 
January to the 10th February (15 days,) the evaporation amounted to 
2-67 of inches, or °178 of an inch per diem. Mean evaporation °165, of 
an inch.per diem, and this with the colder weather of December, and the 
hotter weather of March and April may be taken as a fair mean. -. 

16. The nomber of days during which irrigation was going on were 
185. 

The water in the tank fell 11:07 feet. 

The results may be summed up as follows :— 

Gross quantity of water consumed, .. -« 2,531,750 cubic yards. 
Area irrigated, oe ee ee -- 280°25 acres. 

During the period of cultivation no rain fell worthy of notice. 

Gross quantity of water consumed per acre 9,042 cubic yards. The 
crop was, it is understood, an average one. . 

17. Itis worthy of notice that the season not beit® a very favorable 
one, the water was husbanded and little or none wasted. Latterly it had 
to be raised by hand labor, the Jevel of water falling below sill of lowest 
shuices. 

18.° The cultivators had complcte control over the water. 

19. The evaporation represented a depth of water in the tank of 80°5 
inches; soakage cannot be determined, but for eake of calculations we 
may reasonably assume it to be the same as the evaporation, and allowing 
an average area of water, the loss would have been 1,162,577 cubic yards. 
This would leave 1,369,178 cubic yards as the approximate nett quantity, 
of water spread over the land, and which over 286°25 acres gives 4,890 
cubic yards per acre, and represents a depth of 36:3 inches. 

20. These calculations made under exceptionally favorable circum~- 
stances, and with great care, agree, I think, somewhat with calculations 
made in other Provinces. I believe from 7,00U to 10,000 cubic yards of 
water per acre, in the gross,- are generally consumed for rice from tank 
irrigation and a rain-fall of 36 fect to 40 inches fairly distributed over a 
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season is, I believe, sufficient to produce an average rice crop, without 
any artificial irrigation. : 

21. The survey and measurements were undertaken by Assistant En- 
gincer, Lieutenant Little, under the orders of Lieutenant Cumming, R.H., 
Executive Engineer, Secunderabad Division, and have, I believe, been 
made with great care and correctness. 

22. The climate here is a dry one, and the general level of the country 
is about 1,800 fect above sca level. These are points that should be 
noted in comparing the results with experiments made in other Districts. 

28. The total cost of the experiment was very trifling, or about Rs. 


800. 
J. O. M. 


Note on the above Report. 


The experiments at this tank, though conducted with great care, are xs 
not decisive. With reference to the experiments on evaporation, there is 5 
nothing to cavil at; but the following points, which have been neglected 7 
in the consideration of the amount of water required for the irrigation of > 
rice, appear to me to seriously affect the value of the conclusions drawn. 2 

Firstly—In para. 10 of his report, Major Mayne, while allowing that ~ 2 
any heavy rain-fall would have considerably affected the experiments, pro- : 
ceeds to say that a rain-fall of 1:87 inches during the period of cultivation -: ; 
“may be left out (of the calculations) without affecting the results in any ‘ af 
material degree.” Surely, if it were not to be considered in any other 2 
way, at least 1°87 inches of water, falling on the experimental rice crops, * 
should be added to the actual depth of water expended on the crop; and * 
if we consider besides that the total annual rain-fall is 26 inches, and that 
on tho gathering ground of the tank this gives a possible collection of 
134 millions of cubic yards (para. 2), it seems rash to neglect 1°87 in- 
ches, or one-fourteenth of the annual rain-fall. It is true that this 1:87 
inches may not have fallen over the whole gathering ground; but the 
distribution of the fall should have been ascertained, and the amount of 
water supplied by it incorporated with the calculations. 

Secondly.—‘A very petty stream,” we are told in para. 11, was at the 
commencement of the experiments found running into the tank; but 
Major Mayne has “ neglected also to notice'that.” We are told that the 
bed of the tank was rocky; we may assume the bed of the water-course 
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was the same. Under such circumstances, it is frequently a matter of 
great difficulty to gauge a small stream of water, and, moreover, the 
amount visible is not necessarily all that passes down the channel. There 
may have been much more running than was visible to the eye. We are 
not told whether any investigation of this point was made, aud what were 
the measures adopted for gauging the stream; nor are we informed how 
long this petty strcam ran. 

Thirdly.—Why does Major Mayne deduct as much for soakage as for 
leakage from the gross amount of water expended? The tank is said to 
have arocky bed. Moreover, the greater part of such soakage may fairly 
be charged as water expended in irrigation. If the tank leaks, or if 
the walls of the tank are of soi! admitting the percolation of water, such 
leakage and percolation must benefit the irrigated lands situated in rear of, 
and below, the tank bund. Major Mayne deducts nearly 600,000 cubic 
yards for ‘“‘soakage.” <A large part of this, as having percolated into 
the irrigated lands, should be considered as water expended in irrigation. 

To conclude, I think it is a matter for regret that under such “ excep- 
tionally favorable circumstances” the experiments, careful so far as they 
went, were not more thorough. I am convinced had the points I have 
noticed been considered, the results would have been more in accordance 
with the hitherto accepted estimates of water required for rice cultivation 
in other rice-growing countries. In Spain, Portugal, Italy, and other 
parts of India, Major Mayne’s estimates would be considered too little by 
at least one-half. The only circumstances in favor of the probability of 
Major Mayne’s experiments giving a better ‘‘ duty” per cubic foot of 
water than those usually assumed, are that this experimental rice crop was 
grown in a comparatively coul climate, and at a cool time of the year. 
The consequence would naturally be that the evaporation, not only in the 
tank, but in the fields moistened by the waterings from it, would be 
sensibly diminished, and there would not, therefore, be so frequent a 
demand for water. 

Major Mayne’s calculation makes the “ duty” of one cubic foot of water 
per second in rice irrigation, 119 acres,—a result that no country that 
practises rice irrigation has yet, so far as I know, been able to attain. 
Seventy-two inches of water would give a rice duty of (0 acres nearly, 
which is a far more probable duty, judged by N. W. P. experience. In 
Portugal—I write from recollection, as I have not the information at 
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hand—the duty with a wasteful mode of irrigation is about 45 scres, 
Captain Monorieff, in his work on the irrigatidn of Sonthern Europe, 
‘gays that the rica duty on the Jucar canal in Valencia is locally held 
to be only 28°38 acres. In Northern Italy, Captain Baird Smith informs 
us, it is about 49 acres; and finally, Captain Moncrieff, in the work above 
quoted, says that the duty, with the aid of the usual rain-fall, in the Doab, 
has been as high as 90 acres. 

Major Mayne’s report is valuable only,"therefore, for the actual facts 
it contains, and these are the rate of evaporation of water in a tank 


during certain periods, and the quantity of land irrigated from a tank by 
an amount of water not sufficiently defined. 


+6 


W. G. R. 
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No. XXXI. 


THE DELHI IRON PILLAR. 
[Vido Frontispiece. ] 


Axour eight miles to the South of Modern Delhi, and among the ruins 
of former cities, Hindoo and Mahomedan, which cover an immense 
area in the neighbourhood of the last of the Indian Mogul Capitals, is 
still standing an iron monument, erected upwards of one thousand years 
ago. The accompanying picture of this “ Delhi Iron Pillar” has been 
engraved on wood, in the Roorkee College Press, from a Photograph 
lately taken by Sergeant Sparke, the College Photographic Instructor. 
Apart irom its historic associations, the pillar has a peculiar interest to 
the Engineer from the immense size of this sample of iron manufacture, 
executed by a comparatively rude race in very remote times, and as @ 
specimen of Jndian Engineering it deserves the special attention of Engi- 
neers in this country. In alate number of the “‘ Engineer, ” very interes- 
ting notices and speculations in regard to this and similar masses of 
forged iron have been published. The following extract from these 
articles, and from former accounts of the Pillar, (having regard only to 
it8 Engineering aspect,) may be appropriately: transferred to the pages 
of “ Professional Papers of Indian Enginecring.” 


Mr. James Prinsep, F.R.S., in the Journal of the Asiatic Soctety, 
July 1838:— The letters of the short inscription on the celebrated Iron 
pillar at Delhi are well formed and well preserved, notwithstanding the 
hard knocks which the iron shaft has encountered from the ruthless 
invaders of successive centuries. The language is Sanscrit : the character 
is that form of Négari, which I have assigned to the third or fourth century 
after Christ, the curves of the letters being merely squared off: perhaps 
on account of their having been punched upon the surface of the Iron 
‘shaft with a short cheni of steel, and a hammer; as the absolute engraving 


of them would have been a work of considerable labor: but this point I 
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have not the means of determining. The record tells us that a Prince of 
the name of Dhava, erected it in commemoration of his victorious power. 
Raja Dhava has left behind him at any rate a monument of his skil] 
at forging Iron, for the pillar is a well wrought circular shaft of iron, 
longer, and nearly as Jarge as the shaft of the Berenice Steamer.” 


GeneraL A. Connincuan, R.E., in Proceedings of the Archeological 
Surveyor to Government of India, November 1863.—‘' The Iron Pillar of 
Delhi is one of the most curious monuments of India, Many large works 
of metal were no doubt made in ancient times, such for instance, as the 
celebrated Colossus of Rhodes and the gigantic statues of the Buddhists, 
which are described by Hwen Thsang. But all of these were of brass or 
of copper, all of them were hollow, and all of them were built up of pieces 
welded together ; whereas the Delhi Pillar is a solid shaft of mixed 
metal, upwards of 16 inches in diameter, and about 50 feet in length. 
It is true that there are flaws in many parts, which show that the casting 
is imperfect ; but when we consider the extreme difficulty of manufactur- 
ing a pillar of such vast dimensions, our wonder will not be diminished 
by knowing that the casting of the bar is defective. 

“The total height above ground is 22 feet, that of the capital 34 feet, 
and that-of the rough part near the ground the same. But its depth 
under grotind is considerably greater than its height above ground, as a 
recent excavation was carricd down to 26 feet, without reaching the foun- 
dation on which the pillar rests. The whole length of the iron pillar is 
therefore, upwards of 48 feet, but how much more is not known, although 
it must be considerable, as the pillar is said not to be loosened by the ex- 
cavations. I think, therefore, it is highly probable that the whole length 
is not Jess than 60 fect. The lower diameter of the shaft is 16-4 inches, 
and the upper diameter is 12°50 inches, the diminution being 0°29 inches 
per foot. The pillar contains about cighty cubic feet of metal, and weighs 
upwards of 17 tons.” 


Mr. Rt. Mauer, tn the “ Engineer,” dated 15th December, 1871.—What 
is the material of the pillar, for upon this depends the nature of the pro- 
cesses by which it must have been made; is it of cast-iron orof wrought- 
iron? Asto this the evidence is as yet not absolutely decisive. 

The ‘ Archsological Surveyor,” in his report appears to have though 
it to be cast-iron. What this writer means by mized metal it is hard 
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to conjecture. Oaptain Burt, R.E., deemed the pillar to be of wrought 
or forged iron. This latter view receives the following corroborations; 
the writers accomplished and accurate friend, Mr. James Fergusson, 
Archt., F.R.5., who has carefully examined the pillar, is clearly of opinion 
that it is of forged iron. A fragment of it has been recently sent to Eng- 
land, and the writer is informed, on, he believes, good authority, that 
Dr. Percy has heated and drawn out upon the anvil 1 portion of it, and 
considers it to be forged iron. This test, probably all that so small a 
specimen admitted of, is not absolutely conclusive, as Dr. Perey himself 
would no doubt admit, for some cast irons, especially those made from 
hematites with charcoal fuel, admit of being heated and st once forged 
and drawn ont hot into a sort of wrought-iron. 

There can be seen the mark of the graze of a heavy round shot on 
one side, at about mid-height of the pillar, and the shaft is apparently 
slightly cracked across, the widest part of the crack being at the side 
opposite to the graze mark. The blow, then, was just not enough to break 
completely the pillar by its own inertia, when thus suddenly bent beyond 
the limit of elasticity. Did we know the eis viva of the striking mass, 
and tho density and exact dimensions of the pillar, it would be possible 
to calculate approximately the cohesion per square inch of the outside film 
of the shaft at this crack, assuming it really to exist; but wanting such 
data, and judging by tact or experience only, the writer is of opinion 
that if of British cast-iron the pillar would have been broken completely 
off by the blow of a heavy shot. 

The existence of a doubt as to the material of this pillar, one of the 
most marvellous metallic monuments in the world—shows with how little 
completeness it has yet been examined, and how entirely ignorent those 
who have described this pillar, have been of the importance in elucidating 
the ancient working of iron in India of an exact mctallurgical examination 
of its material. Let us hope this will forthwith be remedied—by cutting 
from the pillar (below the surface, it may be) and sending home a piece 
sufficiently large and long, not only for chemical investigation, but for 
experimental determination of its extensibility and cohesion per square 
inch ; for physical and chemical examination together, can alone deter- 
mine with certainty whether it be of oriental cast-iron or of wrought, . ¢., 
forged iron. 

But meanwhile let us take the altornative suppositions, and see to what 
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they will lead us. At the present day the prevalent belief is probably the 
correct one, that the production of or working in cast-iron is unknown to 
native Indian workmen south of the Himalaya; and, unless made under 
European direction, a pig of cast iron of 100 tb. weight could probably 
not be found in India. Yet how little is systematically known about the 

matter may be gathered from a recent notice (Times, December 4th, 1871) 

of some remarkable travels in 1868 in Central Asia by a native emissary of 

the Indian Government. “At Faizabad, the capital of Budukshan, a town 

@ mile and a half in length and a half mile in breadth, along the banks of 

the Kokcha river, he found the inhabitants skillful in smelting iron, and 

they send cast-iron pots, pans, ornamental lamps, &c., to the market.” 

Assuming that in past time cast iron was known and worked in India, 
there is yet no reason to suppose that the furnaces in which it was melt- 
ed could have been much largor than the little cupola furnaces, with blast 
from native bellows, which are now in use for making wrought-iron di- 
rect. The very largest of these native furnaces appear to be those of 
Burma (“ Percy,” p. 271, &c.), which by draught only produce about 90 
Ibs. of iron at each operation. It would have required between 300 and 
400 such furnaces, working on casting iron, all got ready to tap and tapped 
at the same moment, to run a casting of 17 tons—an operation which any 
practical founder would admit to be impracticable which such apparatus 
even in the hands of trained European workmen. Nor must it be ima- 
gined that the product of the existing little Indian cupolas, working on 
the direct process, is ever fluid enough to be tapped or run from the fur- 
nace. Were it so it might be conceivable that this pillar had been cast, 
and yet was of a crude wrought-iron, or of a metal intermediate to cast 
and wrought-iron. 

Mr. R. W. Bingham, magistrate at Chynepore, in the Shahabad district 
of Bengal, in his report on iron making, published in the official descrip- 
tive catalogue of the Indian articles exhibited in 1862 at London (4to, 
Calcutta, 1862), says as to that region of Bengal :— “ The metal never 
runs liquid from the furnace, but falls to the bottom below the blast pipe, 
from whence it is taken in a flaming mass by a pair of iron tongs, and is 
hammered on a large stone, or on a rough iron anvil, into a double wedg- 
ed-shaped pig,” &c. This seems to describe the existing process of iron 
making of the present day, not only in Bengal, but all over British India, 
differing only in the size of the “bloom” or pig made, which is most com- 
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monly but 9 or 10 ibs., but in Burmah seems to reach its maximum size, 
viz., about 90 ibs., or rather less than one-third the weight of “bloom” 
produced in one operation by the existing Catalan furnaces in Europe, viz., 
about 140 kilogrammes (“ Pelouze and Fremy,” vol. iii, p. 228). 

Are we then to conclude that this pillar was cast, in the absence of any 
evidence in support of that view—indeed, in face of whatever evidence we 
possess bearing on it—merely because we cannot conceive any other way 
in which it might have been made in India? If so, this follows, that 
between the fourth century, a.p., and the present day, the whole art of 
smelting iron in India has been changed, and that the indirect, or Euro- 
pean method has been lost, and with it the knowledge of working in cast- 
iron itself been also lost. Such a view is untenable, for vessels, or other 
objects of ancient cast-iron, must, in that case, occasionally be found, 
which does not scem to be the case. 

We are thus obliged to consider that this pillar is not a casting, but 
is a huge forging in native Indiag or some other Asiatic mado wrought- 
tron, and if so, the question arises, how was it forged? We have no 
evidence that “blooms” of more than 90 or 100 ibs. each, were ever 
made by Indian methods; these would be too small to build up singly into 
a bar of 60 inches diameter. It 1s, however, conceivable that such little 
“billets” as were procurable from such blooms might be welded up into 
bars, and these bars made into a faggot, out of which such a bar, by 
sufficient means for bringing it to welded heat, and for then hammering it, 
might be welded into a cylindrical bar such as that of this iron pillar. 

Now, the limit to the size of a faggot that can be welded with given 
means of heating it, is found to be when the mass is so great in proportion 
to the power of the furnace, that the exterior of the mass, where the heat 
is being applied oxidates and melts away, owing to the slowness of heat- 
ing and hence long continuance of exposure to the heat, as fast as piece 
after piece is laid on to make up for the waste. This limit has been 
reached before now even in our best reverberatory forge furnaces; it 
actually was touched upon at Liverpool, in forging the Mersey Com- 
pany’s great 13-inche gun. Unless, therefore, the iron working of 
India between the third and fourth century, a.p., possessed air furnaces 
and lofty stalks, or blowing apparatus of some sort upon a scale now 
unknown, and indeed not conceivable in any form of native apparatus, we 
may confidently affirm that no faggot to form a welded bar of 16 inches 
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diameter could havo been by any possibility brought to tho welding heat 
at all, or without such waste as to prevent its ever being forged. 

If we pass from the heating of such a bar to the forging of it our diffi- 
culties are still greater. The limit in size of hand-forged work in Europe 
was about reached in the production in days gone by of the heaviest 
“best bower” anchor of a ship of the line. The largest section of the 
anchor shank when welded to the arms was about 8 in. or perhaps 9 in. 
across, and the welding was effected by the blows of twenty-four “ strikers ” 
trained to strike in time, and swinging 14 ibs. to 18 ibs. sledges. The 
shower of blows dealt for some minutes’ spell, upon the mass of iron 
of this large section produced a very insignificant effect, so that both the 
faggoting and the welding of such anchors were often very defective, and 
the strikers having to stand close in a ring, within the short distance for 
swinging the sledge from the glowing iron, were greatly scorched by its 
radiated heat, and some with fine skins were unfitted for the work. Here- 
abouts then, the limit to hand forging ys reached, both as to the power 
of the hand sledge to act upon the mass of iron, and as respected the 
power of the men to endure the heat radiated from the glowing iron at the 
short distance from it limited by the length of the handle of a sledge 
when swinging. Now the section of the shank of a “ best hower” of 8 in. 
or 9 in. diameter is to that of the Delhi iron pillar about as 64 to 201, or 
the latter would radiate from its heated extremity moro than thrice as_ 
much heat, and an cqual length more than thrice as great a mass to bo 
dealt with by the sledge hammer, as in the case of the anchor. We may, 
therefore, affirm that even in European hands a bar of wrought-iron of 
16 in. diameter could not be welded up by hand Jabor with the sledge. 
Tho latter would produce no adequate impression—least of all in the 
comparatively feeble hands of Asiatics—and human skin and muscles 
could not withstand, at 5 or 6 ft. off, the intolerable glare and scorching 
of such a mass heated to the welding point. How then was this Delhi 
pillar forged in India, even assuming that some means for heating it 
existed? Forging by power in some form, of course, suggests itself, but 
upon what source of power can we coven speculate? Human muscles, 
and the “ bullock walk” by which the water skins, are drawn up from 
the wells or tanks appear the only present sources of power in India. 
Tho water-whecl, or norta, for raising water by the application of such 
animal power is common; but the production of power by the descent 
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of water on a wheel seems never to have been known in India, where, 
indeed, except in the hill districts, no “falls” for water power exist. 
The windmill, though said to have been known in Persiafrom some very 
remote period, has never been sccn in India, and it need scarcely be said 
stcam-power is out of the question. 

It is barely imaginable that some form of falling tup hammer raised by 
men acting on ropes, after the manner of the old ringing engine for pile 
driving, may have been employed, or some rude form of tup or tilt ham- 
mer moved by bullocks acting on a walking wheel; and it is for Indian 
archzologists to discover if there be any records or traditions of such ap- 
pliances, without which the methods by which this huge pillar was forged 
must remain inexplicable. The pillar itself stands before us, so far, a 
metallurgic enigma; if it stood alone, and were this great ancient forging 
in wrought-iron alone known to exist in India, we might pass it by, con- 
tent to suppose it too isolated an instance on which to found any conelu- 
sions as to the iron metallurgy of that country in former ages; but, 
although little noticed, and apparently quite unknown to our European 
writers on iron metallurgy, this pillar does not stand alone. 

*¢ Nothing heretofore brought to light in the history of metallurgy seems 
more striking, to the reason as well as the imayination, than this fact: 
that from the remote time when [engist was ruling in Kent, and Cerdic 
landing to plunder our barbarous ancestors in Sussex, down to that of 
our third Henry, while all Europe was in the worst darkness and cone 
fusion of the Middle Ages—when the largest and best forging producible 
in Christendom was an axe or a sword blade—these ancient peoples of 
India, the forerunners of those now so enfeebled and degraded, possessed a 
great iron manufacture, whose products Europe even half a century ago 
could not have equalled. 

Yet these conclusions rest on no new facts, but on the colligation of 
old ones, by the light of practical knowledge. Indian archeologists and 
writers have long known of the cxistence of these iron monuments of an 
ancient and lost art in India, but their importance has, the writer believes, 
not before been recognised as bearing on ancient oriental metallurgy. 
The reason of this is that those who have examined the monuments of 
India, however scholarly and able in many ways, have not been metal- 
lurgists, and have had no practical knowledge of iron working. The 
ancient, and, indeed, the existing technology at large of India—still more 
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of Asia at large—remains almost unexplored and undescribed, and when- 
ever it shall be examined, analysed, and described by really competent 
men-—and such have never yet been commissioned with the task—results 
even more strange, and perhaps of more importance, historical and prac- 
tical, than these deducible from the Delhi iron pillar, will, uo doubt come 
to light. 


Mr. George M. Fraser, in the Engineer, dated 12th January, 1872.— 
Mr. Mallet’s article in the Engineer of the 15th ultimo, on the very 
singular iron column within the mosque of the Kutab, near Delhi, is one 
which cannot fail to be particularly interesting to all students of the 
history of iron metallurgy, and is certainly in great measure exhaustive 
and complete. Mr. Mallet, however, whilst coming to the conclusion that 
this monument is of malleable metal, seems yet inclined to suggest the pos- 
sibility that at some distant date the iron workers of India may have had a 
knowledge of iron in its liqnid form which at present they do not scem to 
possess, and of which knowledge history affords us no record. Mr. Mallet’s 
great difficulty—and at first sight there can be no question that it is ap- 
parently an insurmountable one—is that—assuming the column to be of 
wrought-iron—of forging such a mass of metal at a welding heat by the mere 
manual power within reach of Indian iron workers at the supposed date 
of “its manufacture.” The experience of many years spent in charge of 
an iron works in Southern India, where cast-iron was produced by the 
Kuropean method, but which experience also comprised constant inter- 
course with the native smiths of the country and a knowledge of the 
material they used, and of the method of its production and capabilities 
in manufacture, may perhaps entitle the present writer to offer what he 
ventures to believe will be considered by practical men a satisfactory 
explanation of how such material, labor, and capabilities might have 
been used to produce the column now under notice. 

In the first place, then, the writer would record his decided opinion 
that the column of the Kutab is of wrought, or at all events of malleable 
iron; for during the whole course of his Indian experience, which in- 
cluded many visits to the native smelting furnaces in the Salem and 
Malabar Collectorates, together with the constant practice at his own 
works in the production of edged, not chipping tools, of the native steel ; 
he never found anything approaching an attempt to fap one of these fur- 
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naces, nor heard any Indian workman speak of cast-iron but as of a ma- 
terial utterly useless to him, and beyond his ken. 

The process of smelting, as pursued in Southern India, is probably 
sufficiently well known not to require any further description here, than, 
that in # perpendicular circular furnace about 6 or 8 feet in height, and 
of a diameter at its greatest width of about 18 inches—the blast to which 
is supplied by the alternate inflation and compression of four or six goat 
skins worked by hand, as in the ordinary smiths’ fires of the country— 
the black magnetic oxide so common in the laterite formation is convert- 
ed not into cast-iron, but rather into a mass somewhat similar to the 
loup of the Catalan forges, presenting in parts a crystalline, and in others 
a fibrous, fracture. The removal of these lumps or loups—mootees they 
are called by the natives of Malabar—necessitates the breaking open of the 
whole of that part of the little furnace which corresponds to the timp and 
fore hearth of an English blast furnace; and in order to prepare for this 
the charging at the top is stopped, as is also the blast, and the whole 
contents allowed gradually, as combustion exhausts itself, to sink down 
into the hearth, whence, when cool, it is removed. These loups or moo- 
tees (the writer must object to Mr. Mallct’s term “ pig,” as applied either 
to these or any result of the cementation process, as the term certainly 
conveys, to English ears at least, the idca of cast iron) are generally 
from 80 to 112 tbs. in weight, and it is from the building up of 
lumps of metal, such as these, one upon the other, with such reheating 
and hammering as may have been found necessary to effect cohesion, 
that the writer conceives the Kutab column to have beon produced. 

He cannot think that there is anything impossible in such a mode 
of proceeding, nor anything in the actual working of the material—which 
is of a most malleable nature, and weldable at a very low comparative 
heat—-which the native smiths are uncqual to performing. Fifteen in- 
ches diameter is certainly a very, very large bar; but it should be recol- 
lected that in the process just suggested it would only be the surface of 
each successive mootee (previously, of course, heated and hammered 
to the proper section) which would require to be at welding temperature, 
aud that such a temperature for such surfaces might readily be produced 
in good charcoal fires without much injury to the iron so treated. The 
writer has himself seen shafting of between 6 and 8 ins. diameter heated 
ia open fires composed of charcoal and “ bratties ” (sun-dried cow-dang), 
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and welded to good joints by native smiths in the Madras Presidency. 
Conceiving, then, that the column may have been thus built up—and of 
course the supposition is directly opposite to the idea that it might have 
been composed of longitudinal bars welded together—we find the capital 
left to be accounted for; and the very form of this, is one which could 
readily have been produced by swaging, and finishing with such chipping 
(but this only to a small extent, the writer believes), as may have been 
found necessary. It is also to be recollected that the column itself has 
never, save, of course, in the act of raising it, been submitted to any 
severe strain, and that its cohesion has never in anyway been tried in 
tension, as is ordinary shafting. Further, the extraordinary amount of 
quiet perseverance with which the natives of India are endowed, and the 
Hiimitable amount of merc manual labour which any great Eastern ruler 
* gonld bring to bear upon such an object of ambition as the construction 
“iota trophy or monument as this column may be considered, would all go 
‘to ‘help us to the conclusion that this huge rod of iron may have been 
manufactured in such manner, and with such material and appliances as 
the writer has described. Again, it may be remarked that, even stippos- 
ing other similar columns to exist, as Mr, Mallet seems to think, yet 
even this very existence, in so confessedly small a number, proves them 
to haye been quite exceptional productions, and not in any way portions 
of a systematic manufacture of large iron forgings. It is, too, a point, 
well worthy of notice that there would seem to be no examples left of 
what might be described as the intermediate stages. of iron-working: #@ 
‘est, examples of forgings which, whilst exceeding greatly in size and weight 
the present ordinary productions of the Indian iron smiths, would yet be of 
far smaller dimensions in every way than this column of the Kutab. The 
writer ig, therefore, forced to the conclusion that this, and also any similar 
Indian columns, must be regarded as purely exceptional productions—- 
types of no manufacture ever extensively or usefully existing in India, and 
indicating neither the possession of machinery calculated to produce such 
types in any number, nor even much smaller forgings. Exceptional, how- 
ever, as they appear to be in every way, he yet ventures to believe he has 
pointed out the process by which in all probability, they were manufactured 
end if they can be regarded but as mere monuments of some now nameless 
ambition, they are yet wonderful examples of that ant-like perseverance 
and patient industry which in many ways mark the metal workers of India. 
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P.S.—May not the words “mixed metal” mean mixture apparently 
of wrought aud cast-iron, which is clearly the characteristic of the crys- 
talline and fibrous fracture of the native loups or mooties; and has the 
great depth, and consequent weight of the column under ground, been 
used as a counterpoise in raising it into a perpendicular position ? 


Gexenat A. Connincuam, R.E., in a note furnished to the Editor, Marck 
1872:—When I wrote the preceding account in 1863, I described the 
Tron Pillar as formed of “ mixed metal.” This I did on the authority of 
the late Mr. Frederick Cooper, Deputy Commissioner of Delhi. He was 
then preparing a hand-book for Delhi, in which I find the pillar is thus 
described :—“ The celebrated Loha-ka-ldt, or iron pillar, which is however 
@ misnomer, for it is a compound metal resembling bronze.” On thinking 
over this question some months afterwards, it struck me that a Sronse 
pillar would never have escaped the rapacity of the Mahommedan con- 
querors, I therefore obtained a small bit from the rough lower part of 
the piller, which I submitted to Dr. Murray Thomson,* who kindly far- 
nished me with the result of his analysis, that it was “pure malleable 
iron of 7°66 specific gravity.” I have since referred to various books to 
see what account was given of the Pillar by different tourists; and I find 
that the opinion that the pillar was made of mixed metal or bronze has 
certainly prevailed since the beginning of the century. But it is certainly 
of much older date, as the notorious Tom Coryat, more than two hundred 
years ago, speaks of the brazen pillar which lie had seen at “ Delee.” 

An equally important error has prevailed regarding the depth of the 
portion of the pillar under ground, which was generally believed to be at 
least: equal to its height above ground; but an cxcavation made by my 
assistant, Mr. J. D. Beglar in 1871, showed that the Iron Pillar termi- 
nated about 3 feet below the present ground level, in a knob like a flat 
turnip. To this knob were fixed eight short thick bars of iron, on which 
it rested, and these were secured to stone blocks by lead. My assistant 
passed a bamboo right underneath the pillar. 

I may add that the letters of the principal inscription of Raja Dhava, 
were originally filled with silver, small bits of which metal may still be 
seen clinging to the angles of the letters. 


‘© Professor of Experimental Science at the Thomason ©, H. College, Roorkee, and Chemical 
Analyst to the Government of the N. W. Provinces. 
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[Vide Plates XXIV., XXV., XXVL and XXVIL} - 


‘Br Rienzi G. Wauton, C.E., Acting Executive Municipal Engineer, 
| Bombay. 


In order to arrive at a correct result as to the value of the Tooleee 
echeme as an auxiliary supply to Vehar, I have endeavored to ascertain 
as far as possible the average quantity of water that has been annually 
collected in the Vehar Lake and what has been the average quantity 
annually drawn from it, the close proximity of Vehar to Toolsee being, 
I think, a sufficient justification for adopting the samme data in both 
Cases. 


In order to ascertain the average annual supply of water to the Vehar 
Lake (say in 1862) it is necessary to take the following into considera- 
tion, that— 

On the 7th of June, 1862, when the Lake first commenced to rise, 
‘the readings on the gauge showed the surface of the Lake to be 48’ 1’, 
-. @, 11' 1” below the top of the waste weir, or 79°59 above Puspolee datum 

(90°67 — 11:08). At the end of the monsoon, and on the 6th October, 
1862, when the surface of the Lake first began to fall, the readings on 
the gauge showed the level to be 57’ 6” or 1’ 8” below the top of the waste 
weir (89°01 above Puspolee datum). 

The capacity of the Lake between the levels 89:01 and 79°59 is 
$,058,000,000 gallons nearly, ze. the quantity of water by which the 
Lake was shown by the gauge to have increased from the 7th June to 
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11th October was 8,053,000,000 gallons; but in order to ascertain the 
‘whole amount of addition to the Lake during those dates it is necessary 
to take into consideration the daily supply to Bombay plus the evapors- 
tion during the mongoon. 

Now assuming the daily supply to be 11,500,000 gallons, the total 
supply from 7th of June to the 11th of October will be 11,500,000 
gallons x 127* days = 1,429,000,000 gallons. 

_ fo this should be-added 168,000,000 gallons due to evaporation during 
the: monsoon ; then the total addition to the Lake during the monsoon 
will be 

1 £29, 000,000 +- 8,058,000 000 -+- 168,000,000 = 4,650,000,000 gallons. 

- From the readings of the gange it has been calculated that the follow- 
ing quantities have been collected each year :— 


Gallons- Gallons. 
LBZ ccccseree encecseee.« 5,005,000,000 LOGE caxivsacevs advecvunse 8,658,000,000 
VOGS. Scccdeccscsctiwecdus . 8,522,000,000 1868 ........ ssdtevebens . 8,247,000,000- 
USGA c..cerccesssrssrccees 2,419,000,000 «1869 sasecrccersseee seeeee 4,180,000,000 
1865 .... eeovesee 4,126,000,000 1870 ..ccccece sveeuses -»ee 8,021,000,000 


1BGE .....cceecereveercone 4, ‘112 000,000 

“Showing a total of 31,832,000,000 gallons for 9 years, or an average 
of 3,481,000,000 gallons per year as remaining in the Reservoir at the 
expiration of the monsoon. 

From this result (according to Mr. Ormiston’s calculations) 2 feet 
should be deducted as due to evaporation during the fair-weather scason. 
This will reduce that quantity to 2,852,000,000 gallons (3,481,000,000— 
629,000,000), 


* This number (127) represents the number of days between these dates on which the gauge 
showed cither a continual increase, or not the usual rate of depression of the level of the Lake, that 
is to say, the number of days on which the gauge showed a rise in the level of the Lake, and the 
number of days on which the depression of the gauge has not shown a “ draw-off”’ as much as the 
estimated daily consumption. 

It has been arrived ut as follows :-— 

From the table for the year 1862, it is evident that between the 2nd of Angust and the‘4th of 
October, the level of the Lake constantly rose, and therefore that between those dates an addition was 
made to the level of the Lake sufficient to cause it to rise notwithstanding the daily “ draw-off,” 

Therefore the daily supply multiplied by the number of days between these dates must be added to 
the above quantity 3,053,000,000 gallons. 

Again, the level of the Lake on tho 21st of Juno was 49°5 on the gauge—and on 28th 49°4, show- 
ing a depression of 1-10th foot only for that weck. Now as it has been ascertained that when the 
surface of the Lake is at this level the usnal weekly rate of depression is 4-10ths, it is fair to assume 
that either the supply to Bombay had been reduced, or that the rainfall had been sufficient to furnish 
2 of the week's demand ; as we know that the supply had not beenjreduced, it follows that 54 times 
the daily supply of water was collected in the Lake during those scven days. By this method it will 
be found that for the year 1862, }27 days supply -}- the evaporation for that period must be added to 
the above quantity 5,053,000,000 im order to obtain the total quantitySof water collected in the Lake 
during that monsoon. 
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The following table has been worked out in accordance with the method 
explained in the foot-note, page 821 :— 


Days, Days. 
1862 ..... sicausnseeeeuotuenvoaedes 127 1867 ssccossssesccanss peeentesetsye LAG 
TSGS vicscscesetsvszirssessscteies, 116 USGS ccissiscvececusvescheucsvesasn 419 
LBB crorscccvcccsecererececccsceee 98 TSGS cvscssean anders asaptcevestevies 220 
ASG si ctcerseecesewsusecenesesenn 2 22 ESTO: scesadacsessdntavensesuucseces dhe 


TSEC scosccccscccssccnscesscescoess 84 
a total of 1,032 days for 9 years, or an average of 115 days per year. 
I have shown that during the fair-weather portion of the year the total 
consumption has been 2,852 million gallons, and as we have ascertained 


that the avcrage monsoon consists of 115 days, it is perfectly clear that 
2,852,000,000 


365—115 





the daily consumption must be ; or 11,500,000 gallons nearly 
per diem, ® 

Having ascertained this fact, I now proceed to obtain the average total 
quantity drawn off during each monsoon, thus :—- 


No. of Days Daily Con- Million 


Year. of Rain. sumption. Gallons. 
EBC Diop ae srendac: Geworvecdavesneedus 127 x %113 = 1,461 
1863 ...00cceses cetdantSueaveueeoea te woe 118 M& IIE = 1,857 
L8G 4..06 wecesers bpewevewasteaeeeasseveads 90 % 114 = 41.187 
TBD: ccscecescs eseees etaee wads Heedescwes 122 x %F1k = 1,408 
BGG vcivcvecssvecssccesess siseeus 62 x 113 = 966 
1867...... iwicevessaas Kai Ricivaeeeaenesaaun 123 x %&J14 == 1,449 
TRGB rivasccwssoncecccseuaesetecanssmiwens 114 x JI} = 1,369 _ 
PAOD esi cd ceveaaricascnes eeiasUseieckance 109 x «#11, = 41,449 
DET Oscaccsiietvesteresss eiveas ss aseues 105 x «61h «SO «21,281 
OLD? Seiicieisessstsnsesceass 11,869 


To this amount should be added the quantity due to evaporation, and 


* Another mothod for ascertaining the daily *‘ Draw-off’’ has been worked out as follows :-— 

The capacity included between the Jevels recorded from the expiration of one monsoon to the com- 
mencement of the next (deducting for evaporation) divided by the mumber of days between these 
dates (allowances being made for slight addition to the Lake—after the surface has once commenced 
te decline) gives the following quantitics as the daily “ Draw-off” for cach year :—- 


Ly ene eececcccenscssecasevscas 10,300,000 
1803 Achcceeses sekig vee iacteieeasmeulst 11,600,000 
BGA isiiancen seus eccccsccccccvscccsssene 12,800,000 
18G5 .e.c00. Eine saveataeunsuweices ase 10,700,000 


1866 CCS e SEs eer eoK AF EaEFESDECHSPOSEELE®E 11,600,000 
1867 scccccoccscccccecccscnccassecesevesece Lash, 000 
T8EB ccccrecescece ecacces ccceccvoscccsees 11,400,000 
BED rccccaccrcnccccccesccceccaccgatences LaylO0,Q00 
1870 wecese vite sade dawatunued seuscescees: 1 1,000,000 


Total, aentenae 104,200,000 
which equals 114 million gallons per day—a result similar to that shown by the other method. 
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taking this at 168 million gallons per monsoon, the total quantity drawn 
off during the above nine years will be— 
Gallons. Gallons, Gallons, 
11,869,000,000 + 168,000,000 x 9 = 13,381,000,000 

I have shown above that the quantity collected in the Lake as indi- 
cated by the gauge during 9 years is 31,332,000,000 gallons. 

Therefore the total quantity of water collected in the Reservoir from 
the year 1862 to 1870 is— 

81,832,000,000 + 13,881,000,000 = 44,713,000,000 gallons. 
or an average annual addition to the Lake of 4,968,000,000 gallons. 

On the 7th June, 1871, the surface of the Lake fell to 46’ 4” on the 
gauge, ¢. ¢, 1’ 9” lower than the level of Lake in 1862, and consequently 
we had up to that date drawn to a small extent (about 5 wecks’ supply) 
on the storage of Vehar in addition to what we received from the annual 
rainfall. 

This fact alone affords sufficient evidence of the insufficiency of the 
Vehar Lake, and its inability to remain the sole source of supply to 
Bombay. 

Observed data show the average height of the Lake at the immediate 
expiration of the monsoon to be 1’ 8" below the top of the waste weir; it 
is therefore evident that any addition to the gathering-ground of Vehar 
eould (in most years) only contribute a quantity of wator equal to the 
capacity of the Lake between the level of the top of the waste weir and 
1’ 8" below it. 

I have already shown that the average yearly supply for the last 9 
years from 7th June 1862 to 7th June 1870 has been 4,968,000,000 
gallons. From this quantity however (in accordance with the result of 
Mr. Ormiston’s calculations) I deduct 2’ 6” in depth, or about 797,000,000 
gallons as the yearly evaporation, thus leaving 4,171,000,000 gallons as 
the quantity available annually for distribution, &c., or 11,500,000 gallons 
per day. 

For a population of 850,000 this supply will give 13:5 gallons per 
head per diem, bat as Mr. Ormiston’s calculations show only 12 gallons 
per head per diem, it is clear that 4 of the whole quantity available is 
lost by leakage through the dams, strata, or along the pipe line. 

From the above the following information is gathered ; that— 

The average antiual addition to the Lake is 4,968,000,000 gallons. 
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The annual demand is 4,215,000,000 gallons. 

The rate per head per diem is 12 gallons. . 

The amount wasted unaccountably is 1:5 gallons per head per diem. 

Before proceeding to apply the above results to the Toolsee reservoir, 
I here propose to investigate what our present and fature position will be 
with reference to the water-supply from Vehar under the most unfavor- 
able circumstances, say partial failures of rainfall for the years 1872 and 
1878. 

On the 20th May, 1871, the surface of the Lake was at 47’ 2” on the 
gauge (78:67 above Puspolee datum). 

The rain contributed about 100 days’ supply to the Lake besides that 
which remained in the Reservoir after the rain ceased. 

At the end of the monsoon the surface of the Lake was at 48’ 4” on 
the gauge, or 79’ 84” above Puspolee datum. Between 78:69 and 79°84 
there is a capacity in the Lake of 760,000,900 gallons. 

During the 100 days’ rain about 1,159 million gallons left the Lake, 
also about 80 million gallons were lost by evaporation, &c.; the total 
quantity therefore collected in the Lake during the monsoon of 1871 was 

760,000,000 + 115,900,000 + 80,000,000 
= 2,000,000,000 gallons only. 

As shown above, the average quantity of water collected in the Lake 
during an ordinary monsoon is 4,968,000,000 gallons. We have there- 
fore this year collected only 0:4 of that quantity. 

I will now go on to see what will be the quantity of water in all proba- 
bility left in the Reservoir by the 7th of June, 1872 (about the time the 
monsoon usually commences). 

On the 16th September, 1871, the surface of the Lake was at 79°84 
on Puspolee datum. 

From the 16th September to the 7th June we shall have drawn off at 


the present rate, 
Gallons. 


264 *% 109,000,000 
== 2,878,000,000 
Add for evaporation ... 466,000,000 


Total ..... .  8,844,000,000 


which will be the quantity required up to 7th June 1872. . 
Now between 79°84 and 66:4 the capacity of the Lake ia 
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* 


, Mm 
8,544,000,000 gallons, 

so that on the 7th June, 1872, the surface of,the Lake will be at 66:4 on 
Puspolee datum, i.4, 34’ 4” on the gauge. 

We shall then have on the 7th June 1872, about the time that the 
monsoon may be expected to commence, a quantity of water in the 
Reservoir contained between 66:4 and 81:67 on Puspolee datum, ¢.¢., 
about 3,974,000,000 gallons. Now suppose the monsoon of 1872 to be 
@ failure, and that we collect the same quantity of water only’ as was 
received into the Lake in 1871, that is, 760,000,000 gallons, we shall 
then have remaining in the Reservoir at the end of the monsoon of 1872— 
8,974,000,000 + 760,000,000 == 4,734,000,000 gallons. 

The surface of the Lake will then be at about 70°16 on Puspolee 
datum, or 38’ 8” on the gauge; of this we shall require (as in 1871-72) 
2,878, 000,000 gallons fur use up to 7th June, 1878, before the monsoon 
of that year commences, and alsv about 425,000,000 for evaporation, 
making a total of 3,303,000,000. 

.We have (as before stated) 4,784,000,000 gallons in the Reservoir ; 
we shall therefore have remaining in the Lake under the above conditions 
on the 7th June, 1873, 1,431,000,000 only, and its surface will be at 
50°27 on datum, or 18’ 9” on the gauge. 

From the foregoing it will be plain to all that we shall have plenty of 
water in the Reservoir up to the monsoon of 1873, and even if the mon+ 
soon of 1872 gives us not more than half the quantity collected in 1871. 
But in this case, however, the surface of the Lake would be about 42:5 
on datum, or 11’ 0” on the gauge, and we should have only 500,000,000 
galions.remaining. 

Whether it would be injurious to health to use water for domestic pur- 
poses drawn from so low a level as this, is a question which I leave to 
chemists and the medical profession to decide. 

Now I have pointed out that the quantity in the Lake at the commence- 
ment of the monsoon (7th June, 1873), will be 1,431,000,000 gallons; let 
uA, agiuine ‘a still farther failure of rain for 1873, althongh I must confess 
I consider the probebility of three successive failures in the mongoon as 





However, starting from the 7th June, 1878, with the quantity of water 
in the Lake.avetiable at 1,431,000,000 gallons, we should get from the 
partial monsoon, as in the preceding years, say 760,000,000 gallons; the 

VOL. Ibn-=SECOND SERIES. ow 


358" TOULsEM Wartn SUPPLY rnoyect. 


total quantity therefore at the end of that mensoon would be 2,191 000,000 
gallons. 

We should require for use ap to the 7th June 1874, 2,878,000; ,000 
géllons, and also about 250,000,000 gallons for evaporation during that 
time ; the total supply required would then be. 

2,878,000,000 + 250,000,000 == 8,128,000,000, gallons. 

We should therefore, after having drawn off all the water available 
from the Lake, still be deficient of the quantity required by about 
937,000,000 gallons, which, taken at 10,900,000 gallons per Se re- 
presents a supply of 86 days. 

If the monsoon commenced later than the 7th June, we should, of 
course, be deficient in our supply by a greater number of days. 

This, then is our position as regards the supply from the Vchar Lake 
if we had three successive partial failures of the monsoon. 

If, however, we were to have a nearly total failure in 1872, and a par- 
tial one in 1873, we should then be about 240 days short of supply up to 
7th June, 1874. 

Taking a case of two total failures, we require about 4,900,000,000 
gallons each year, and allowing less for evaporation as the Lake falls, the 
demand for two years will be, say 9,300,000,000 gallons; leaving about 
1,500,000,000 gallons only in the Reservoir; this would reduce the sur- 
face of the Lake to 19’ 6” on the gauge or 51°00 on datum. 

Let us now see how we can best make use of Toolsee gathering-ground 
and storage as an auxiliary to Vehar. 

I have shown above that the total quantity of water collected in Vehar 
Lake from an average monsoon is 4,866,000,000 gallons. 

The area of the Vchar Lake is taken at 1,140 Rores, and of the gather- 
ing-ground at 2,800 acres. 

Let us take the average rain-fall at 102 inches, and let « be the propor- 
tion af rain fall collected in the reservoir from the gathering-ground. 

Then 8:5 x area of the Lake in feet + 8°5 x area of the gathering 


ground in feet, 
= quantity of water collected in the Reservoir. 


Substituting values we have 85 x 1,140 x 43,560 -+ (8:5 x 28,000 


x 43,560) 2. 
468,000,000 
ad Fe 4 
795,000,000 — 422,000,000 
1,036,728,000 





oot == 
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—-, 956,468,600 | 0.86 Meno 
= 195,673,800 7 = 0°56 


Now, if we take the above value of 2, viz.,-86 for Toolsee aud deduct 
therefrom. (according to Mr. Ormiston) 2-6 for the yearly evaporation 
from the Reservoir, and take the area of the Toolsee Lake at 250 acre 
(the top of the Dam being, at 450: 00) we have— ps 4 Pars 
jutk G25 (85 x 250 x 43,560 + “36 x 85 x 1,197 x 48,560)... 

erty eres (oy ff = 1,575,783,998 gallons. 
Deducting for ae 
6°25 (2:5 x 246 x 43,560) = 167,433,750 








Total...... 1,408,000,000 nearly. 

That is, the quantity of water collected in the Reservoir at Toolsee for 
yearly use is nearly 1,408,000,000 gallons, or 3,857,000 gallons daily, 
3th of which will be lost as at Vehar, leaving for daily delivery 3,430,000 
gallons, equivalent to 4 gallons per bead per diem for a population of 
850,000. 

The above being the result of a rainfall of 102”, let us now take the 
case of a smaller fall of rain, say, 84". Ha eK, 

Taking the same conditions as before, we have— aie: wine: 

7 x 1,140 x 43,560 + (7 x 2,800 x 43, 560) 


S$ ts) A268“ — 795,000,000 Vas ap ie 
795,000,000 — 847,608,800 __ no 
a 853,776,000 


This value of 2 is more likely to be correct than the former one. 
Taking this last value of 2 for Toolsee. 
We now get— 
(7x 250 x aa + °52 xX 7 x 1,197 x 43,560) 6:25 = 1,675,152,52 
gallons. ; 
and deducting for saponlite é wed 
(25 x 246 x 48,560) 625 = 167,488,750 
Tota] = 1,507,718,775 
The quantity-of water collected and available for use for one yosr at 
Toolsee is therefore about-— 
1,508,000,000 gallons, 
or 4,130,000 gallons per diem. 
3th of which will be lost (as at Vehar) leaving 3,670,000 as“the daily 
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supply, or about 44 gallons per head per diem for a popiilation of 
850,000. 

Referring to our Diagrams of height of water in dam, we see that after 
every third year the Vehar Lake has overflowed. It is, therefore, only 
during those years in which the surface of the Lake is below the top of 
the waste weir that any addition could be made to it from Toolsee. 

The years on which the Lake has not overflowed, the average level of 
the surface has been 1’ 8” below the waste weir. Now the capacity of the 
Lake down to this depth is about 565,000,000 gallons. This quantity 
therefore could have been usually brought into Vehar, and would have in- 
creased the quantity stored in that Lake by 1°75 gallons per head. 

It is evident then that for the greater number of years the Vehar Lake 
has been in existence, the annual addition that could have been rendered. 
to it from utilizing the Toolsee gathering-ground would have been about 
565,000,000 gallons, unless the dams and waste weir at Vehar were 
raised :—an alternative not likely to be advocated by any Engineer fami- 
liar with their present state. 

Let us now seo what our position would have been if we had the 
power of so utilizing the rainfall on the Toolsee gathering-ground so as 
to raise the level of the Vehar Lake to the top of the waste weir at the 
expiration of each monsoon. 

The Lake overflowed in 1869. During that year, therefore, none of 
the water from Toolsce could have been used. 

At the end of the monsoon 1870 the surface of the Lake was 1’ 7” below 
the top of the wasto weir; we could therefore during that monsoon have re- 
ceived an addition from Tvolsee to the extent of about 537,000,000 gallons, 

In 1871 we collected in Vehar ‘40 only of the average annual quantity ; 
and assuming tho same proportion to have been collected at Toolsee we 

should have 
| 1,402,000 x 40 = 574,000,000 gallons 
which could have been directed into Vehar. We should have thus brought 
in during the years 1870-1871— 

574,000,000 ++ 537,000,000 == 1,111,000,000 gallons. 

If in 1872 and 1873 there are again partial failures in the rainfall, we 
shall be able to bring into Vehar from Toolsee— 

2 x 574,000,000 = 1,148,000,000, | 
a total for 4 years of 2,259,000,000 gallons. 


PLATE XX. 
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: owe tere asin shee ‘dat in ite ease of partial failuiee ot, ie rociiabon 

‘h 1879 ,and 1878- we ‘chould be deficient by 987,000,000 in, ‘Veharup'to 

‘Pi Jone, 187%, alter all the water available by the ontlet had been drain 

of, aud I likve alo shown that ifthe Toolsee gathering-ground had slwaya 

Abaeiy utilized we should have added 2,259,000,000 gallons since 1870 : by. 
this means the effect of three partial failures of the monsoon at Vehar 
would have been counterbalanced. 

Tf, however, in 1872 there were a total failure and in 1878 a partial 
one, we should then only have been assisted by Toolsee to the extent of 
of. 1,685,000,000 gallons, and our deficiency at Vehar would have been 
2,600,000,000 still leaving a deficiency at Vehar up to 7th June, 1874 
of 915,000,000 gallons. This quantity should, I think, form the basis 
upon which any auxiliary supply to Vehar should be judged. For from 
the above figures it is clear that if a storage ground had been constructed 
at Toolsee with a capacity equal to 915,000,000 gallons or more, and 
whose rainfall (after that quantity had been stored) would discharge itself 
into Veliar, no chance of a water famine would have existed even under 
the most unfavorable conditions on which I have framed my calculations. 

I have worked out three Projects with reference to Toolsee. 

The first is known as one of Mr. Rusgel Aitken’s schemes, and is thus 
described by him at page 16 of his Report on the exteasion of the Bom~ 
bay Water Works :— 

‘The second plan (Scheme No. 3) for obtaining water from Salsette, 
which I have now to propose, is the construction of a Dam in the river 
Tassoo just below the village of Toolsec, whereby the waters of the upper 
portion of the river will be diverted into the Vebar Lake, which would 
thus have its gathering-ground increased by 1,600 acres, so that the pre- 
sent supply from Vehar might be increased from 5 to 6} gallons.” 

_ For this scheme Mr. Aitken claims a return into Vehar of from 5 to 
6} gallons, but, according to the calculations I have given at a former 
pert of this Report, I think 4} gallons per head is all that can be ex-~ 
cepted as the average annual collection from the Toolsee gathering- 
ground. 

It must be remembered that although Mr. Aitken’s Dam would un- 
doubtedly enable the whole of the rain-fall on the Toolsee gathering- 
ground to be diverted into Vehar, yet unless the level of that Lake was 
sufficiently low to admit of a capacity equel to this addition, a céhsiderable 
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portion of it would simply pass over the Vehar waste weir, or “might be 
allowed to escape by some other process. 

Mr. Aitken goes into very little detail of this scheme, and I am. not 
surprised at his reticence, since he was satisfied, as all others must be who 
have gone into the subject, that an independent and not an auxiliary sup- 
ply is what is required to give an efficient water-supply to Bombay : 
Tvolsce at the best can only be an auxiliary. 

I have before pointed out that for the greater number of years the 
Vehar Lake has been in existence the level of that Lake has beon, at the 
expiration of the monsoon, at or about the level of 1' 7” below the top 
of the waste weir, and that this capacity represents 5,65,000,000 gallons. 

Now taking the total rainfall of Toolsee to be 1,508,000,000, the dif- 
ference between 1,508,000,000 and 565,000,000 = 948,000,000, will 
show the quantity which would have passed over the Vehar waste weir for 
the greater number of years that the Lake has been in use. 

Mr. Aitken’s estimate for this work is Rs. 2,01,060, which amount in 
consequence of the fall in the rates for materials and labor, and by the 
substitution of chunam for cement in the Dam, I have been able to reduce 
to Rs. 1,38, 315. 

A waste weir and a regulating sluice I have provided for in this scheme 
in order not to render it compulsory, when the Vehar Lake is full, that 
the surplus water from Toolsee should pass over the Vehar waste 
weir. 

By Project No. 2 it is proposed to impound the water on the Toolsee 
ground by a Dam at such a level as to utilize the ridge of hills between 
Vehar and Toolsee as a waste weir, that is to say, to erect a Dam 64 feet 
high above the bed of the Tassvo river, and by so doing to conduct the 
surplus water (after the Lake had filled to this level 480-00) over the 
dividing ridge of hills between Toolsee and Vehar into the latter. 

I estimate the quantity of water impounded by such s Dam to be 
581,000,000 gallons, the whole of which can be drawn off into Vehar at 
any time that it may be required by means of a channel (partly in cutting 
and partly in tunnel) governed by a Penstock. | 
. The top of the Dam will be 434-00 above Town Hall datum, and that 
_of its waste weir (150 fect in length) 431-25. 

When the water in the Reservoir rises to 480-00 all additional rainfall 
will flow @ver the low dividing ridge (already alluded to) into. Vehar, In 
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the event of the Vehar Lake being full,-and to prevent the fow of the 
Toolsee water over the Vehar waste weir, I propose-to raise the level of 
thig dividing: ridge to 431:25 temporarily by means of cast-iron standarda. 
and boarding, #0. that, as eoon as the surface of the Lake ie raised to that 
| level, the surping ‘water, instead of being discharged over Vehar, wont 7 
wir, will pass over the one at the Toolsee Dam. , oie 
‘The result, of thia scheme will therefore give 581,000,000 gallons,. re 
1:9 gallons per head per diem for the present population, stored and 
available at all times as an auxiliary to Vehar, and also as much of the 
available Toolsee rainfall as can be annually stored in the Vohar Lake. 

The total estimated cost of this scheme, less compensation for ground, 
is Rs, 1,75,221. 

Project No. 3 differs from No, 2 only in having higher Dams, and con- 
sequently increased storage. 

The Dam (of rubble masonry) will be 74 feet high, 7. ¢,its top will be 
449-00 on datum (Town Hall) with a waste weir (150 feet long) 446:25 
on datum. 

The level of the low ridge of hills separating Vehar from Toolsee being 
430-00 only, it becomes necessary to erect a small Dam upon its crest, 
the level of the top of which will be 448-5 on datum: this Dam will be 
furnished with a waste weir 200 feet long, the level of which will be 445°00 
on datum. 

The greatest depth of this Dam will be only 21:0 feet, a fact which 
will entirely do away with the cause of fear which has hitherto obtained 
at the construction of Dams on the water-shed of the Vehar Lake, 

By this scheme I estimate 1,451,000,000 gallons of water will be 
stored up available at any time, not only as an addition to Vehar, but 
would afford 365 days’ supply of 4% gallons per head per diem of the 
present population, should the Vchar supply at any time become unavail- 
able. : 

The connection between the Toolsec Basin and Vehar will be the same 
as that in Project No. 2. 

After the level of the surface of the Reservoir, has risen to 448°5, all 
additional rainfall will pass over the waste weir of the small dividing ridge 
into Vehar, so that Vehar may be said to secure the whole of the rainfall 
of Toolsee as soon as the level of that Basin has risen to 448:25. 

In order to prevent (as in Project No, 2) the Toolsee water.from flow; 
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ing over the Vehar waste weir, the same arrangements of standards and 
boatds as proposed in that scheme will be adopted in this. 

The benefits to be expected from this scheme are as follows:— 
1,451,000,000 gallons, or 44 gallons per head per diem of the present 
population, stored up and available as required, and as much of the avail- 
able rain-fall of Toolsee as can be stored in the Vehar Lake; also the 
advantage of keeping the Vehar Lake up to its normal level. 

The estimated cost of this schemo is Rs. 3,59,153. 

In reviewing these three Projects as auxiliary supplies to Vebar, I 
think it is almost needless to point out the great superiority of the last 
(No. 3) over the other two, and of No. 2 over No. 1. 

1 will simply note that No. 3 Project provides us with a storage of 44 
gallons per head per diem for 365 days’ supply as a stand-by in case of 
need, keeps Vehar at its normal level, and besides gives us in addition 
all the advantages of Project No. 1. 

Project No. 2 gives us the advantages to be derived from Project No. 
1, together with a storage equal to 1-9 gallons per head per diem of the 
present population for 865 days. 

The advantage of Project No. 1 will be to divert into Vebar as much 
of the Toolsee rainfall as that Lake will hold. 

In conclusion, I say that the benefits to be derived from Project No. 8 
as compared with the slight increase of expenditure of that Project over 
No. 2, point to it as the one to be adopted, and further, since we shall have 
lost one year’s storage at tle commencement of the monsoon of 1872,,. 
that unless either ono of these schemes or some other auxiliary to Vehar 
is adopted, in our present position without such assistance, we shall re- 
quire several very excessive monsoons to make up this deficiency. 

In the event of the works entailed in Project No. 8 being commenced 
by the end of January next, it will be perfectly possible to raise the Dam 
to the necessary height and to complete the Tunnel before the commence- 
ment of the monsoon, so as to carry off nearly all of the water collected 
from the Toolsee gathering-ground direct into Vehar. 


is. Remarks by Thomas Ormiston, Esg., M. Inst. C.E. 
Mr. Walton has worked out three projects, all of which are simply to 
increase the gathering-ground of Vehar, by an addition of 1,477 acres; as 
Vehar hap already 3,948 acres, this will increase it to 5,395 acres. 
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It may be remembered that Mr. Conybeare in his second report states, 
that he is of opinion it would be desirable to increase the gathering- 
ground of the Vehar works to 5,500 acres, which is almost exactly what 
any of Mr. Walton's projects would do. 

With an average rain-full the gathering-ground of Vehar and its re- 
servoir are fairly balanced; only three times since the works were com- 
pleted has the Jatter overtlowed, and generally it stands at the close of the 
monsoon about 18 inches under the waste weir. But an average rain-fall 
is not what we have to deal with, it is rather a minimum fall, and it so 
happens that last monsoon we had only half the average, and the lake has 
now consequently fallen 10 feet below its usual level. 

On the whole, I think the time has come when steps should bo taken 
to ensure a full supply from Vehar. Liven if the Bench decides on carry- 
ing out any of the great schemes which have becn so long in embryo, it 
would be years before they are available, and we require immediate help. 
I therefore recommend the Bench to acquire and utilize Toolsee. 

.The Toolsee valley runs into the Kennery valley through a narrow 
gorge, the bed of which is about 50 feet under the lowest water-shed be- 
tween Toolsce and Vehar. Any dam therefore which does not exceed this 
height would not in any way affect the safety of the Vchar dams. Pro- 
ject No. 1 is for a dam 36 feet high and 240 feet in length, with a channel 
jeading into Vehar. Project No. 2 has a dam 60 feet high and 400 feet 
in length, with a similar channel, Mr. Walton does not recommend, 
either of these schemes, and I agree with him that if Toolsee is to be 
utilized at all, it should be so to the greatest extent possible. 

Project No. 3 has a main dam 74 fect high and 485 feet long, with a 
channel as in the others, and a second dam on tlic watershed 1,100 feet 
Jong and about 21 fect high. It is essential that the safety of this dam 
should be pat beyond all doubt, as its failure would in all probability cause 
that also of the Vebar dams. Itis, however, of such a small height that 
this is quite practicable even if it were made higher. 

Mr. Walton has estimated that No. 8 Project will cost 34 lakhs of 
rupees, exclusive of the land. I would, however, recommend the Bench 
to consider that this will be exceeded, and that it will be more safe to look 
upon it as a five Jakh work, say £50,000. I say this because I think 
some of Mr. Walton’s prices are rather low, and because I would recom~ 
mend some alterations and additions which will increase the cost, such as 
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widening the channel in open cutting and increasing the gradient of the 
adit, providing an inlet tower for an independent main in ease it should 
be required, and strengthening the separating dam. I am also inclined 
to recommend that the waste weir on the separating dam be dispensed 
with, and a subsidiary dam formed below the main dam of the Tassoo, so as 
to form a water cushion as is at present in operation at Kurruckwasle. 
The supply to Vehar would thus be entirely under command and be re- 
gulated by sluices. When the works were completed and in operation, it 
would probably be considered advisable to keep Toolsee filled as a reserve, 
running off its surplus water so far as was required into Vchar, or, if that 
reservoir were full, to waste over the main dam into the Kennery valley. 

It will be observed from what I have said, that this project, while it 
gives an independont reservoir, does not so far as described or estimated 
give an independent supply. The question of making it so also does not 
press for immediate settlement: it can be done either by a separate main 
into Bombay, which would give a high service supply, or by leading it 
into the present main somewhere between Coorla and Vehar. 

I noed hardly say that it is impossible to complete the works before 
next monsoon, but, if let at once to an experienced and energetic contrac- 
tor, it is possible to make the conduit and so much of the dams as will 
ensure, if not all, the greater part of the Toolsee water of next mosoon 
being turned into Vehar. Liven if this be done it will take a heavier rain- 
fall than we have any record of to fill the Vehar reservoir from the united 
gathering grounds. 


Note by T. C. Hope, Esq., C.S., Acting Municipal Commissioner. 


My own opinion, after visiting the locality, is that Toolsee should be 
utilized as an increase to the gathering ground of Vehar to the utmost 
extent of which it is capable—namely, to that of the third or largest of 
the three projects, but that it would be a mistake to attempt to make it. 
anything more; that is, an independent supply eith ir for annual use, ‘or 
in the event of the Vehar Dams bursting. For the latter purpose it is 
too small, and the money which would be necessary to connect it with 
Bombay direct would be far better reserved for a totally separate reservoir 
of far larger dimensions elsewhere. 

Toolsee will thus be simply a reserve to supply the deficiencies of 


TOOLSEE WATER SUPPLY PROJECT. $85 


Vehar from year to year, and the water which may remain over after 
serving this end in one year, will remain in hand for emergencies perhaps 
greater in the next. As the water will always be drawn from a low level, 
the balance in the Lake will be periodically changed throughout and com- 
paratively fresh. 

With regard to the financial aspect of the question, Mr. Walton assures 
me that his rates have been taken from Contractors now willing to work 
on them, and that tho 34 lakhs he names will not be exceeded. It would 
perhaps be safe for the Bench to assume four lakhs as the limit. 
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No. XXXIII. 


BRIDGE FOUNDATIONS ON PUNJAB STATE 
RAILWAY. 


RESOLUTION,—By the Government of India, P. W. Dept. 


Simla, 11th September, 1871, 
ag Governor General in Coaneil is pleased to direct that a Committee 
of Engincers shall assemble at Simla forthwith for the purpose of consi- 
dering the question referred to in the papers now read. It is desired 
that the Committce will discuss the proposals and opinions contained in 
these papers, and will make a decided recommendation as to the design 
that should be adopted for the picrs of the large bridges on the Punjab 
Northern Railway. 

As to the design for the abutments, and the general nature of the 
works that should be devised for their protection, it is possible that the 
Committee may consider that the information contained in these papers 
is not sufficient to admit of their offering ah opinion with confidence, but 
even should this be so, the Governor General in Council will bo glad to 
receive such an expression of their views on the subject as they may 
feel justificd in offering, based on their wide professional experience, and 
their general knowledge of the character of the large rivers to be dealt 
with. | 
~ The Governor General in Council desires that the Committee will mees 
and report with the least possible delay, but the more pressing question. 
referred for their opinion, viz., the pier design, should be considered first, 
and their conclusions reported as soon as arrived at, and witlrin, if possible, : 
two or threo days from this date. 

The Committee will be composed as follows:— 
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PRres1vENT : 
CoLonet F, H. Ruxpauz, R.E. 


Mempens: 


Cotone, C. W. Herteninson, RE. 

Ligotgenant-CuLone. TP. P. L. O’Conneuz, RE. 

G. L. Moteswortu, Esq., Conag. Engineer for State Railways. 
A. H. Vaux, Esq., Memb. Inst. C.E. 
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Report of a Committee assembled by order of the Governor General in’ 
Council to investigate the design Jor the piers of the larye bridges on the 
Punjab Northern (State) Ratleay.—Dated Lith September, 1871. 


Agreeably to the orders conveyed in the Resolution of the Governor 
General in Council, dated Simla, 11th September, 1871, the Coumittee 
assembled on the following day, and thoroughly discussed the proposals 
and opinions contained in the several papers furnished to them, together 
with the ahove orders. 

The Commitiee were directed first “to make a decided recommendation 
as to the design that should be adopted for the piers of the large bridges ;” 
and next to convey such an expression of their views as they may feel 
justified in offering, with the information at their disposal, regarding ‘the 
design for the abutments and the general nature of the works that should 
be devised for their protection.” 

The proposals and opinions which the Conunitlee were called on to 
discuss in regard to the first point consisted maiuly in the relative merits 
of constructing the piers with a single cylinder, 18 feet, or with two se- 
parate cylinders, 12 feet 6 inches in diameter, the depth to which both 
designs should be sunk below low-water level being the same, viz., 60 feet. 

After thoroughly weighing all the arguments brought forward, four 
out of the five Members of the Committee expressed a decided opinion 
adverse to the adoption of a single cylinder of any practicable size for 
such rivers as the Ravee and Chenab, but reserved their opinions with 
respect. to the Jhelum, as there was no reliable information before the 
Committee as to the material of which the bed of the latter river is com- 
posed.- They were of opinion that the same amount of material distribu- 
ted in two or more wells would ensure better distribution of the bearing sur- 
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face for supporting the superincumbent weight, while in the event of the,bed, 
‘ofthe river.getting scoured, the obstruction opposed to the current when, 
Howing in a direction parallel to the pisrs by =e — cylinders most: 
be very greatly diminished. - _ 2 os 
+ The Committee, however, considered that a . still t better: disteibotions: 
would be secured by arranging for three wells, pitched in line at. not TONG 
than.2 feet apart; the two outer wells, being 10 feet, and the centre 12 
feat diameter, would, it was believed, diminish still further the obstruc. 
tion. To this arrangement, which increases the entire mass of material 
‘by about 10 per cent., Mr. Vaux, while adhering to his opinion, that the 
stability of the 18 feet well was equal to any other disposal of the same 
mass of material, agreed as being unobjectionable. The superstructure 
to be raised on these foundation cylinders, which should be filled up per- 
fectly solid with concrete, the Committee were of opinion should consist 
of solid masonry. 

While thus announcing their conclusions as to the relative merits of the 
two designs which have been advocated, the Committee feel bound to 
represent to the Government their decided conviction, that with neither 
of them can the safety of any bridgo founded on such material as is found 
in the Punjab Rivers (the Jhelum excepted) be completely ensured. In 
the opinion of the Committee, the only principle by which entire security 
can be obtained in such rivers, whose declivity is comparatively great, is 
in preventing the bed of tho river in the neighbourhood of the bridges 
from being eroded or scoured, This can be perfectly effected (always 
supposing that the first principle of sufficient water-way has been provid- 
ed) by enclosing certain portions of the bed between curtain-walls and 
connocting those walls with a solid apron or flooring, and further protect- 
ing them both up and down-stream with solid material of some description. 

The design, is based on the necessity for arresting the onward motion 
of the material of which the beds of these rivers is composed, and which in 
times of flood partakes of a semi-fluid nature. This is the more necessary, 
as one peculiar characteristic of these rivers is to acquire the additional sec- 
tional area necessary to discharge their extreme flood-waters by scouring 
the bed and extending its width, rathor than asis the case with delta rivers 
in the south of India, by raising their surface level. The rise and fall of 
the Punjab rivers is comparatively small. The section of the Sutlej af 
Phillour is a clear illustration of the action which takes place during 
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flood. ’ |The discharge having been ascertained by actual observation, the 
: requisite sectional area or ‘water-way to be given to the bridge: is easily 
\ ‘detéttainable ; and then in order to’ preserve that water-way uniform, the 
_ the protection of thé bed from erosion is necessary. The constraction of 
 gnptaiti-wialls mist, it will be ‘readily seen at. once, arrest the onward. 
‘tnotion. of the particles of which the bed is composed, while the flooring 
consisting of material whose specific gravity is far greater than the vélo- 
city of the river can move, effectually prevents any sconring action taking: 
place around the piers, and tends to maintain a uniform velocity of the 
stream, and prevent any great acceleration of it in any one channel. The 
great obstruction which the unprotected cylinders create when laid bare 
by the scouring of the bed around them is thus avoided, and all that is op- 
posed to the stream is the comparatively narrow width of the piers, and 
this again is reduced to a minimum by the addition of finely-pointed cut- 
waters. In this way alone the Committee believe perfect security trom 
accident can be ensured. In the unprotected cylinders arrangement, there 
is no guarantee whatever that the actions of the flood may not at any 
time be concentrated in one channel under any one span, and the bed 
of the river in that span bo scoured out to a greater depth than even 60 
feet. Consequently it cannot be asserted with any degree of reliability, 
that any practicable depth to which cylinders may be sunk will prove 
sufficient to ensure permanent stability. The larger the diameter of such 
cylinders, the greater the obstruction they present, and the greater the 
obstruction, the higher velocity of current will they create, and conse- 
quently the greater scour will result, and thus the forces at work to 
undermine the pier are being generated in a continually increasing ratio. 
The more of the cylinder which is thus exposed, the greater weight will 
its base have to sustain, while the frictional resistance of its perimetor 
will be diminshed. Hence the tendency for the cylinders to subside an- 
equally will be always increasing. 

The security procured by protecting the bed from erosion can, however, 
only be obtained at an increase* of cost, that is, if the unprotected cylin- 
ders are to be sunk not more than 60 fect below low-water level, but if 
sunk 90 feet, the cost would be brought nearer to an equality. 

- It-will be for the Government to determine whether it is worth while to 
incur the additional outlay in either case in order to obtain that security. 
© The relative cost of the two systems will be aa 3) to 44. ' 
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the Sicawitins believe that they | are only cithed ‘pon to aime ai dnstheni::: 
‘ing opition on the question, and the ‘opiaion which they netball. 
and decidedly maintain is, that additional precaution is necexsary’ for the. 
security of bridges constructed in the rivers in question, bat of the to 
methods, they consider that of protecting the bed from erosion as’ thie 
sounder principle of design, If the design of nnprotected piers be adopt. 
ed, the spans will probably remain unaltered, or about 100 feet, from ven~ 
tro to centre. 

If curtain-walls and floorings be used, a reduction in span would be 
admissible; and a corresponding reduction made in cost of superstructure 
by the ullimate cost of the two relative designs will be about that men- 
tioned above. 

On the second point, viz., “design for the abutments and the general 
nature of the works that should be devised for their protection,” the 
Committee are unable to offer any reliable opinions in the absence of any 
surveys or sections of the rivers, or any calculation or observation as to 
their flood-volumes and other particulars, a knowledge of which is essen- 
tial in order to arrive at any idea of the extent or the form which such 
protective, or rather training works should assume. ‘The requisite infor- 
mation has been called for by telegraph, and on its receipt, the Committee 
propose to re-assemble. Tn the meantime, they submit without delay, 
agreeably to the orders they have received, the conclusion at which they 
have arrived as regards the pier design. 


Oe reed HE a veh. Cmmanee mt SIGE 


Note by A. LW. Var, Eesy., Member of the Committee (State) Railway. 


Dated 15th September, 1871. 

T concur gonerally. Platforms at low-water level with deep curtain- 
walls are known successfully to protect the beds of rivers. The efficacy. 
of such platforms was discussed and acknowledged by Government when. 
the beds of the streams draining the Rajmahal Iills were being protected 
gome years ago by the Kast Indian Railway. The platforms were costly 
but gsuecessful, and experience convinces me that, even in very large 
rivers from an engineering point of view, the precaution is perfectly sound 
in principle if the flood discharge below dry-weather level is small when 
somperee with the wholo discharge of the river. 

My preference for a single cylinder of 18 or 18} feet diameter, instond 
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af tires wells in ting of 10, 12 and 10 feet, is founded on my belief that the. 
single: well, which contains the same bulk as the three small walle, pre~ 
‘aonta 9 less surface on which friction will act, and that it can, therefore, 
balk for bulk, be sunk more readily and deeper than the three amall wells. 
For the same reason, the chances of injury from meeting obstructions in 
the process of sinking are less in the larger than the small well. The 
exposed surface in the three wells, as compared with the same bulk in ons 
well, is as 64 to 37. The comparatively large amount of space for work~- 
ing within the large single cylinders also facilitates the process of sinking. 
Could we sink all the wells to the same depth, and could we ensure 
that no damage should accrue during sinking, I believe that three wells 
would be as good as, but no better than, the single well. We know that 
the flood discharge below dry-weather level is trivial in the Chenab and 
Ravee when compared with the whole discharge of those rivers, and I 
attach but little importance to the objections which have been urged as to 
the obstruction caused by the increased diameter of the large well. Above 
low-water, the piers will be alike in obstructive width, whatever be the 
nature of ihe foundations. I would use up the small curbs which are on 
hand, and thereby avoid delay; but I would make no more. 


Second Report of Committee on the subject of the designe for Punjab 
Northern Railway bridges over Ravee, Chenab and Jhelum Rivers, 


Dated 18th October, 1871, 
On the 2nd instant the Committee re-assembled for the consideration 
of farther points connected with the construction of the bridges on the 
Northern (State) Railway. Having the advantage of conferring with 
Colonel Pollard, the Consulting Engineer, and Mr. Grant, the Chief 
Engineer, as well as being in possession of much additional information, 
the Committee took up the following points :— 
ist.—The amount of water-way necessary on each of the Rivers Ravee, 
Chenab and Jhelum. 
2nd.-—The design for the abutments. 
_8rd—The description and extent of training works in each case. 
4th.—The design of piers for the Jhelum Bridge. 
According to the gauging of the Rivers Ravee and Chenab, which the 
Chief Engineer assured the Committec were taken from actual observations 
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of a reliable. character, the flood. “discharges doring . snonptional: ‘ota 
appears to be 188,000 and 884,000 cubic feet per second, ; reepectively.. 
Assuming that the maximam observed velocity, 6°25 and 6°50. feet per: 
second, were not exceeded through the bays of the bridge, the sectional 
area necessary would be 29,280 and 60,000 square feet, respéctively. ‘The 
water-way, provided on the designs amounts to 32,000 and 70,000 square . 
feet, so that, if the provision errs, the error is slightly on the side of 
eXCOBS. 

The discharge of the Jhelum had not been recorded with the same 
degree of reliability, and therefore the Committee cannot express the same 
decided opinion in regard to the provision which Jas been made for this 
river, but, as far as they could arrive at a conclusion, sufficient water-way 
seems to have been allowed. 

On the second point—the design for the abutments and wings—after 
considerable discussion the Committee considered that the principle to be 
adopted should be to construct them, so that, in the event of any breach 
occurring in the embanked approaches owing to a sndden and unfavor- 
able set of tho river, or by the creation of a parallel current, there should 
be no risk of the abutment being undermined, and that the injury should 
be confined to the earthwork, which would involve only a temporary in- 
terruption of traflic, and be capable of repair as soon as the floods sub- 
sided. 

With this view, two alternative plans, have been suggested, the former 
of which commended itself to the majority of the Committee as combin- 
ing the greater elements of safety ; the latter, suggested by Mr. Moles- 
worth, possesses the advantage of economy, but opinions were divided as 
to its combining therewith the quality of safety. 

The President and Colonels Hutchinson and O'Connell and Mr. Vaux 
are in favor of the more expensive alternative, consisting, in fact, of an 
extension of the curtain-walls and flooring for a length of 75 feet behind 
the abutment, so as to protect the latter in the event of any breach oc- 
curring from any cause in the embanked approach of the bridge, and thus 
providing completely for the safety of the abutment. Plan No, 2 in the 
opinion of tho Committee, is not compatible with the shallow foundation 
system. | | 

The cost of proposal No. 1 is estimated at Rs. 41,896; that of No, 2 
at Re. 21,081. 


Miided vouNDitieNe ot rotsn irand niriwirs SEE 


“Whichever of the two plats for abutment and accessories, the Govern=* 

mint may sée Ait to adopt, will be applicable equally to the Oberialy ‘as to’ 
the Ravee. oy 

“En the event of the deep well system being selected by Seven it 
would be imperstively necessary that three bridge spans at least adjacent’ 
to the abutment, should be protected by flooring, the cost of which was' 
not included in our former Report when instituting a comparison between 
deep and shallow foundations. 

The third point, viz.,—the description and extent of training works— 
were thoroughly considered, and the following conclusions arrived at in’ 
connexion with each river :— 

Firet, as regards those for the Ravec. 

The measures which had hitherto been carried out on that river, viz., a 
series of dams across what is termed the back- aan were considered 
‘wholly unsuitable. 

In the first plave it is evident that this channel, which carries off the 
drainage of the city of Lahore, ought not to be closed. 

If this nullah were shut up at the head, and none of the river-water 
allowed to flow down it, if is certain that its lower end would gradually 
be closed up, and that the drainage of the city would then remain in the 
nullah, which would become at once a stagnant, and very soon afterwards, 
an offensive pool, dangerous to the health of the City and Cantonment 
of Mean Meer. If the nullah be Jeft entirely open, there would be the 
risk of its one day again becoming the main channel of the river, as it 
has evidently once been. 

If protected only with a head- work, that work would always be in danger 
of being turned, as the head bund has been this year, and the river might 
open a new head which would in time enlarge dangerously ; the Committee, 
therefore, recommend that a masonry head-work, consisting of a bridge 
of two 80-feet arches protected by a good fluoring and curtain-walls, be 
built at the spot indicated on the plan, and that an embankment be car- 
ried from it along the highest ground as far as the Railway embankment, 
in order to prevent the head-work being out-flanked. This bank should 
have a long slope on the river side of tertainly not less than 3 to 1, (and 
better were it 5 to 1,) protected with what are lucally termed “ tungas” 
and brushwood spurs, so as to intercept the river silt and cause its deposi- 
tion, so a8 gradually to raise the level of the island above that of the floods. 
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As the depth of water on the island is not more than 3 feet, there will be 
but a very slight current parallel to the line of embankment, and it will 
be still further deadened by the spurs. 

Instead of a solid embankment being carried across the nullah in the 
line of the Railway, the Committee recommend a bridge of three 40 feet 
spans, protected by a flooring and curtain-walls, which will ‘be sufficient 
to provide for the local drainage in addition to the quantity allowed to 
enter the head of the nullah from the river itself. 

For the right bank, the proper work would seem to be to restore the 
portion of the enclosure wall of the Shah’s tomb, which has been carried 
away, founding it on deep wells, connecting the garden wall with the 
Village of Shadra, and running ont spurs from that village so as to deflect 
the current from off the garden wall as much as possible. 

These works seem to the Committee sufficient to ensure the protection 
of the natural line of river-bank, but it will be necessary to watch the 
river-beds also for some years to come, and not allow the growth of islands 
to take place. In the event of there being any such tendency, channels 
should be cut through the sand-banks immediately the floods subside, and 
the cold weather stream sent through them, so as to keep them open 
against the arrival of the floods of the following season. 

With these precautions, the Committee believe the Ravee may be kept 
in proper train, 

As regards the Chenab, the training works already undertaken having 
proved successful, should be maintained as they are, with the exception 
that it will be expedient to connect the spur on the right bank with the 
high ground to prevent its being out-flanked. The design for the abut- 
ments, ay before observed, may be similar to those adopted for the Ravee, 
and the bridge itsclf be treated in a precisely similar manner. 

As regards the River Jhelum, the Committee were unable to make any 
suggestion in their former Report for want of sufficient information. Bince 
then, sections showing tho soil found by boring, and plans of the river 
itself, have been received. 

From a considcratiun of these, the Committee are led to make the fol- 
lowing recommendations :— ; 

As regards the training works, they are agreed that the plan hitherto 
adopted is that which should be followed as far as their alignment is con- 
cerned, bat they are of opinion that the proposal to make them of a more 
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permanent character, by the construction of deep wells, is unnecessarily 
expensive, end that the same object would be more cheaply and equally 
well, if not better, attained, by the substitution of crib- work filled with the 
boulders found in the river and so disposed, as in the event of any erosion 
taking place, they may fall at once into the hole thus scoured. 

They think also that it is more expedient to train the river properly 
than to increase the water-way of the bridge, and allow the river to wander, 
as there is no guarantee against its filling up some of the span@ and 
deepening others abnormally, whereas, if kept in proper train, no such 
action is likely to occur. Of the sufficiency of the water-way provided, 
the Committee are, as before said, unable to pronounce an opinion, as the 
yequisite data for forming a judgment on this important point are not 
available. Both Colonel Pollard and Mr. Grant, however, seemed satis- 
fied that the present design sufficiently provided for the highest floods, 

With regard to the question of the best design for the piers, the Com- 
mittee were divided. Messrs. Molesworth and Vaux consider that single 
cylinder piers of from 12 feet 6 inches to 15 feet diameter would be better 
than the three cylinders advocated by the other Members of the Com- 
mittee, who would prefer oblong piers with cut-waters raised on the foun- 
dation of three cylinders of 12 feet and 9 feet diameter, respectively, 

As shingle is met with at no great depth in this river, the Committee 
do not think a protective flooring necessary, except for three spans ad- 
jacent to the abutment on the left bank which they would recommend 
being built with precautions similar to those proposed for the Ravee, 

The Committee, believing that they have now considered all the points 
referred to in the instructions received from Government, trust the re- 
commendations which have been made will prove satisfactory. 


pene ee ~ 


RESOLUTION,—By the Government of India, P. W. Dept. 


20th Vecember 18712, 

Resotorion—~His Excellency the Governor General in Council has care- 
fully considered the Reports on the designs of these large bridges with 
the aid of the Reports of a Committee of HMugineers assembled at Simla, 
and has arrived at the following conclusions :— 

1.—There appears to be no reason to alter the design or length of the 
spaus of iron-work already ordered from England. 
. IL—The water-way of 97 spans provided for the Chenab appears am- 
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ple. That of 33 spans for the Ravee is less certainly sufficient, but there 
appears no reason at present for adding to the water-way. Forthe Jhelum 
both from the large drainage area of the river, and the somewhat critical 
position of the left abutment, His Excellency in Council has decided that . 
50 spans should be constructed, instead of 43 as previously settled. | 

Iil.—In regard to the piers of these bridges, in snperaeegion of the 
ordera'gontained in Public Works Department, No.. A148 ‘By dated 12th; 
Aug 487 1, ‘at the Ravee and Chenab each: pier- ahiall ‘copais 
, 193 fact ‘wells sunk 70 feet, or as far as possible, and protested all round: 
' with brick-rabbish or boulders thrown in to the extent in sad tenet 80,000 
cubic feet to each pier. 

In regard to the Jhelum, where a bed of boulders send all along the 
breadtli of the river at a depth below the dry-season level of about 22 feet 
on the left, and 15 feet on the right side, it is now decided that three 
wells should be given to each pier, one of 124, and two of 10 feet diameter ; 
that they should be sunk 6 or 8 feet into the boulder bed, and thiat no 
further protection need be given. 

3V.—As regards abutments, His Excellency in Council decides that 
the abutment proper in each case shall be similar to the piers; but that 
behind it there shall be a pair of retaining walls run out on 10 feet wells 
parallel to each other, in continuation of the direction of the bridge for a 
length of 75 feet. The wells fur these retaining walls should be sunk 40, 
80 and 20 feet in the case of the Ravee and Chenab, those nearest the 
abutment being sunk the déepest. For the Jhelum, the retaining-walls 
need only be given on the left bank, the wells being sunk to the same 
depth as those of the piers. 

For the further protection of the abutments of the Ravee and Chenab, 
His Excellency in Council desires that a brick-flocring, 8 feet thick, be 
laid round each abutment, and one pier nearest to it, protected by a curtain 
of deep blocks all round: the line.of curtain blocks being 40 feet from the 
wells of the piers and abutment on the up-stream side, and 75 feet from 
the wells on the down-stream side, and extending 40 feet beyond the pier 
on the one side, and 40 fet beyoud the abutment on the other side. The 
line of. curtain blocks should be 20 fect deep on the siden: maraliel to the 
stream and on the-down-stream side, and 10 feet deep on™ ie up- stream 
side. All round the flooring outside the curtain blocks there should be © 
thrown in boulders or brick-rubbish at 200 cubic fect to the foot ron ‘of’ 
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vcurtain blocks where they are 20 feet deep, and 100 cubic fegt to the foot- 
ran where they are 10 feet deep. 


The general arrangement of this protection work is shown in the accom- 
tpanying sketch. 
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The slopes of the Railway embankment joining the abutments should 
pitched on both sides with brick or kunkur blocks, or boulders for 100 
8, and a mass of such blocks should, besides, be accumulated round 
1end of the embankment where it joins the abutment, both on up and 
yn-stream sides, to the extent of 50,000 cubic feet on each side. 
Similar masses of boulders should be laid at the left abutment of the 
slum Bridge. 
¥V.—As regards training works, those in progress at the Chenab Bridge 
are entirely approved. Those at the Jhelum are also approved, with 
» modification that no masonry works are to the constructed, but the 
,-tts requiring greater permanence are to be constructed of crib-work 
filled with boulders. At the Ravee it appears necessary to restore the’ 
portion of the enclosure wall of the tomb at Shahdera, which has fallen 
away, founding it on deep wells, protected by a talus of brick or kunkur 
blocks . and..¢yiework. On the left bank, His Excellency in Council 
pestamrpive up the project of closing altogether the back channel, 
and to place : a bridge of 20 openings of 6 feet in the Railway embank- 
ment, provided with shatters to close it, if desired. The bridge shoul 
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have a good,flooring and curtain blocks up and down-stream. A similar 
bridge of ten openings of 6 feet should be built to form the permanent 
head-work of the channel, so as to regulate the entry of water from the 
river. The water should be prevented entering from the river otherwise 
than by this head, by the construction of an embankment along the 
highest ground to meet the Railway bank, having a slope of not less than 
4 to 1 to the river which should be protected by brushwood spurs and 


tungas. 
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No. XXXIV. 
IS IRRIGATION NECESSARY? 


A reply to Major Corbett’s Articles, entitled © Is Irrigation “Necessary 
i Upper India?” published in Professional Papers on Indian Kngin- 
eertng, Vot. I., Second Series, Parts 1 and 2. By Cart. C. 8. 
Tuomason, R.E. . 

Agra, 13th December, 1871, 

Is Irrigation Necessary in Upper Iudia? Such is tho title of a pamphlet 
by Major A. I’, Corbett. The question thus raised is of such vital import- 
ance, and there is so much truth in the argunicnts advanced, that it cannot 
be a subject of astonishment that His Mxcellency the Viceroy should be 
anxious to have the subject fairly discussed in order to ascertain whether 
the conclusion arrived at by Major Corbett, “that irrigation is not neces- 
sary” is a correct one or otherwise. 

Briefly the pamphlet states that: — 

Under the Indian system of husbandry with shallow ploughing, a hard 
pan caused by the tread of men and cattle immediately underlies the cul- 
tivated surface soil, prevents the acccss of watcr and air to the subsoil, 
and presents an impenetrable barricr to the progress downwards of the 
roots of plants. That the effect of irrigation on such a soil is tu harden, 
and as it were, glaze it, rendering repeated watcrings necessary to over- 
come the evil. Again the effect of this surface hardening and glazing 
causes & radiation of heat from the earth’s surface which adds materially 
to the heat of the temperature, and thus seriously affects the rain-fall which 
is the country’s due. It is further argued that irrigation as at present 
practised and under such circumstances must cause malaria. 
vhyit’s panacea for these evils consists of deep ploughing and 

ck iefly deep ploughing, which he claims can be economical- 
ly effected by means of a slight modification of the native plough, which 
he himself has tried successfully. 
VOT, L<=SRCOND SERIES. | 2a 
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‘The views of the late Colonel J. O. Anderson, R.E.,. Inspector General 
of Irrigation, in reply to Major — a are ae = may 
be thus snuimarised 1 ay 

Referring -to.an experiment. on. o elton on ambich: Mxjoe Corbett. 

lays mock. stress an proving. his-argument, it-is shown: chit inclining : 
undoubtedly ‘have been due to'a heavy manuring which ‘was: given toi. 
land atthe same time-~so much in fact, as'to vitiate the axperitsint vig 
one ‘on ‘deep culture alone. The inability of irrigation and other avater 46. 
percolate the pan alluded to by Major Corbett is disputed,'as‘it is » yell 
known fact that the spring level in wells rises considerably on the intro~ 
duction of irrigation into a district. The advisability of deep culture for 
all but “bhoor” or sandy soils is admitted, but its value as a substitute 
for irrigation is held to be anything but proved. 
' Colonel F. H. Rundall, R.E., Officiating Inspector General of Irriga- 
tion, whose opinion also accompanies the pamphlet, quite agrees as to the 
enhanced productive value of land deeply ploughed and manured, but 
thinks that if deep ploughing renders the moisture in the soil more acces- 
sible to the plant, it could at the same time hardly fail to expose the soil 
more directly to the influence of the sun’s rays, and thus cause the soil 
to be miore rapidly dessicated than with shallow plonghing. He recom~ 
mends deep ploughing combined with irrigation, it being a well acknow- 
ledged principle of farming that the more water that can be passed THROUGH 
the soil the better, so long as it does not remain IN it. 

A quotation from a report of Mr. Halsey closes the pamphlet. Mr. 
Halsey believes so firmly in the advantages of deep ploughing, that he 
recommends it as a substitute for manuring. Thus the argument seems 
to stand at present. Let us see what more has to be said on the subject. 
First, as to the pan stated by Major Corbett immediately to underlie the 
cultivated soil, and to be impermeable to water or air, but proved by 
Colonel Anderson to be permeable by irrigation water. No one conver« 
sant with agriculture will doubt the existence of this pan, at least in any 
but very light soil. How then does the irrigation water penetrate this 
pan? Is it not possible that this water may seek its way through fis- 
sures, which abound in such soil, and still that it may not be available for 
the nourishment of the plant owing to the pan intervening ? Colonel 
Anderson's argument hardly clears the pan of the charge preferred against. 
it and as Major Corbett, Colonel Anderson, Colonel Rundall, Mr. 
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Halesy, and every. other known authority advises its oe y all 
means let us get rid of it wherever we can. 

But how is this pan to be demolished? Major Corbett aa oe 
hwve.aprejadics'against.deep ploughing (page 11), and he attribates this | 
. prejudice chiedy- to tenincss. The natives are not by any means the only 
elijectora to:deep plonighing... Many good. farmers at liome. object to:deep 
glonghing under. ail -cirgamstancea, and would most oértainly. object tb-:46 
in a. deep, stuf clay without precautionary measures hardly hinted. at-by 
Major Corbett, An Indian field of stiff clay if only deeply ploughed 
would simply be ruined for the time being. The experiment has been 
tried in India before now, and the result has often been quoted as 9 cone 
clusive argument against deep cultivation. Probably the soil was heavy, 
working in which the steam plough would simply bury the seed bed, turn 
up the worthless subsoil and give the cultivator seven or eight, instead 
of three inches of unwerated mud in the rains. No good crop could be 
expected under such circumstances, If the sub-soil were porous, the 
result would be be an improved crop, but still nothing like so good as 
it might be. In the former case, Major Corbett is quite right in saying 
that irrigation is not required ; for it would only make matters worse. In 
the case of a porous subsoil, irrigation would certainly confer a great 
benefit; for the water would not stagnate about the roots, and air would 
follow the water in its course downwards. In both cases, however, would 
the malaria be increased, for in neither is provision made for the circula~ 
tion of air in the soil, and the moisture gradually evaporated in a stagnant 
aub-soil atmosphere, would be in excess of what it was before. Major 
Corbett has quite overlooked the most necessary preliminary to deep cul- 
tivation, and that is sub-soil drainage. 

No English farmer now would ever dream of deeply cultivating any 
Jand ‘without previously subsoil draining it. Though new to, and discre- 
dited by us in India, it is everywhere else,—that is wherever farming is 
acientifically carried on—considered the unfailing preliminary to all im- 
provement. The processes in their order are,—(1) surface draining, (2) 
subsoil draining, (3) sub-soil ploughing or cultivating without tarning over, 
and (4), if necessary after some years when the nature of the sub-soil has 
teen completely changed by improved husbandry, deep ploughing or turn- 
ing down the original seed bed. 

Deep cultivating and not ploughing is evidently what Major Corbett, ad 
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vocates, judging from his improved plough; but the two terms aro by no 
means synonomous, as will be seen from the foregoing. Deep ploughing 
is comparatively little resorted to now, the steam digger (a pone kind 
of cultivator) generally taking its place in England. 

Without in any way disparaging Major Corbett’s ingenious modifica- 
tion of the common native plough, such an implement can hardly be 
considered adequate to our requirement if deep cultivation is to be the 
rule. For the purposes of preliminary experiment let it be tested by all 
means; but if the experiment prove successful, considering the immense 
area to be operated upon, why stop short of steam, the economy of which on 
such a large scale admits of no dispute; stern becomes doubly necessary 
where subsoil drainage is superadded to deep cultivation, the extra cost 
of the former in such cases being but trifling. 

To prove the truth of what was here asserted as to sub-soil drainage, let 
the reader take a rose or any other plant, pot it with the most favorable 
mould, water it, and foster it in every conceivable way. His care will 
avail little if their be no hole in the bottom of the flower pot. The more 
he waters it and manures it, the quicker will the plant die. There is no 
sub-soil drainage, and the roots rot ina stagnant sub-soil atmosphere, A 
hole in the bottom of the flowerpot gives sub-soil drainage, gives air and 
changes al]; the plant, if not quite killed by previous mismanagement, 
epeedily reviving and thriving beyond expectation. 

Had Major Corbett advocated deep cultivation preceded by sub-soil 
drainage there is-little in his pamphlict that could be disputed except the 
atatement that such treatment of the soil entirely dispenses with necessi- 
ty for irrigation, All known experience goes to prove, (1), that sub-soil 
drainage combined with deep cultivation enables the land to withstand 
without injury droughts, excessive waterings, &¢., that prove the ruin of 
fields not enjoying these advantages, and (2), that with such prelimi- 
nary treatment the Jand will better absorb and retain for purposes of 
growth all fertilisers that may subsequently be bestowed upon it, whether 
rain, irrigation watcr (surface or sub-soil,) or manures. 

The irrigation duty of water is certainly doubled by snb-soil drainage, ° 
if English experience gocs for anything; and such being the case, the 
expediency of extending existing canals, and of having recourse to: fresh 
supplies of water until experiments with the sub-soil have en ceo tried 
in India may fairly be called in question. ee 
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“The above assertion that “ sub-soil drainage, combined with deep eul- 
tivation, enables land to withstand drought” will appear so ineredible to 
those who -have not studied the subject, or had oceular demonstration of 
its trath that some explanation of such an apparent paradox appoars 
necessary. 

Let us imagine a field in India under irrigation. The water covers the 
field to a depth of two or three inches, and so it is left an nnmistakeable 
field of mud some six or seven inches deep. Below the“ pan” the water 
will not sink except partially, and so it is almost entirely evaporated by 
the sun; and unless the watering be speedily renewed, the soil down to 
the pan heing but shallow, and readily acted on by the sun's rays, soon 
becomes as hard and dry as the pan itself, cracking in all directions, 

Again, let us suppose this same field supplicd with sub-soil drains, say 
three feet decp, and the cultivation extending deep enough to break up the 
pan, The water now will no longer lic on the surface; it passes throngh 
the surface soil, through what was pan, and moistens the whole soil, down 
to the level of the sab-soil drains, and even lower. Tn its passage down- 
wards the water carries air; and, most important of all, the minute pores 
created by the passaye of the water permit the continued gentle cirenlation 
of air in the sub-soil after the rnnning water has passed through the drains, 
We thus obtain three feet of soil wholesomely moist and ecrated, and 
knowing this, we need no longer wonder that the sun’s rays take so long 
to exhaust the moisture of this soil when elsewhere all is parched. The 
water that has moistened the three feet of soil in the second case, 18 what 
in the first case would have wetted six or seven inches deep, and been 
speedily evaporated. Hence the increased irrigating duty of water on sub- 
soil drained land. 

Reverting to Colonel Randall's apt quotation of the acknowledged prin- 
ciple in farming, that “ the more water that can be passed through the soil, 
go long as it is not allowed to remain tz it” —if a pan underlies roil, how 
ean the water be efficiently passed through the soil without sub-soil drains? 

Without going so far as Major Corbett apparently wishes us to, in as- 
serting that our hot winds and extreme heat are entirely due to shallow 
cultivation and irrigation, it may safely be conceded that deep cultivation 
will avert a considerable amount of heat radiated from the earth. Sub- 
soil drainage carries the moisture, and virtually the cultivation deaper 
than the reach of the plough, and therefore enables the earth to absorb 
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still more and radiate still less of the heat. This effect is.a well esta- 
blished fact. Sub-soil drains in England protect the crops from frost; 
why should they not protect the cotton against this enemy in the N. W. 
Provinces. 

It will be seen from the foregoing that the fundamental laws of 
nature as.evinced in the beneficial effects of sub-soil drainage should be as 
applicable to India as to England. Why then is sub-soil drainage ignor- 
ed here, seeing that it promises to be almost as important an seat in 
averting famine as irrigation is? 

Though no valid reason can possibly be assigned against a trial of sabe 
eoil drainage on differing soils and crops, on a small scale and at a trifl~ 
ing cost, its impracticability is strongly urged on three grounds, viz.—(1), 
Frequently a want of a fall in the land; (2), A general drought is antici- 
pated from its introduction; and (8), Its cost. 

First, as to want of fall—Sub-soil drainage is universal in England— 
even in the flat marsh and fen lands of Lincolnshire. Where irrigation 
water will run, sub-soil drainage water surely will. Therefore, if there is 
not sufficient fall for sub-soil drains, the surface drainage is clearly defici- 
ent, and the sooner that is rectified the better. No one disputes the 
necessity for efficient surface drainage.* 

Secondly, as to the anticipated drought.—This objection has already been 
answered; but be it borne in mind that the arguments are only generally 
applicable where sub-soil drainage and deep cultivation are combined, 

Apropos to this part of the question and Major Corbett's assertion that, 
‘the opinion is gaining ground that sub-soil drainage has been overdone in 
England,” is a very interesting correspondence in the Zimes during the 
drought of June and July 1870, particularly a letter on the “ Lessons: of 
the Drought,” by Mr. Scott, in the Zimes of July 6th. If that correspon- 
dence proves anything, it proves that the chief sufferers were not those 
who had sub-soil-drained, but their neighbours who had not sub-soil-drain- 
ed. All however cried out for storage of water and irrigation in England, 
How then can we dispense with irrigation in Upper India? : 

. Lhirdly,.as to cost.—Without lengthening this paper unnecessnrily 


‘@ 12 ebeam ploughing be conceded, a very great deal of oven this surface drainage might be very’ 
economically effected by working a ‘*Fowler’s Ditcher” by means of the steam plongh tackle. At 
the Royal Agricultural Society's steam plough trials, near Stafford, May Sth, 1871, one of thesd 
itahersin 9 stiff soil efficiently out ditches about two feet deop, three feat wide ab top,.aud. cight 
Inches wide at bottom, Unfortunately I had not an opportunity at the time of geen — =. 
arrive at cost; though an immense saving over manual labor was ecif-evident. 
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with the details on which the estimates are founded, but which are given 
in Appendix, the following may be safely accepted as the average costs of 
sub-soil draining and deep cultivation. Supposing some soils to require 
pipes and some simply the steam draining plough, the average depth of 
drains to be 8 feet, and the distances between drains 18 feet, the cost 
with manual labor per acre with pipes will be Rs. 20 per acre; steam oul- 
tivation 8 or 9 inches deep, Rs. 5 per acre; similar steam cultivation with 
sub-soil drainage also effected by steam costing, where no pipes are requir- 
ed, Rs. 6 per acre, and where pipes are necessary, Rs. 17 per acre. 

Supposing the average gross value of land for cereals to be taken as 
low as Rs. 15, for the higher classed crops (such as sugar-cane) at Rs. 
80 per acre, and the yield to be doubled by the improved husbandry here 
proposed,—a very moderate estimate,—it surely is not difficult to imagine 
from whence the funds are to be derived, whereby to sub-soil-drain the 
calturable, or at least irrigable land of India. Let the experiment—a 
simple enough one in all conscience, be but once tried, and there need be 
no fear uf its extending in India as in England, if what is here asserted 
is any approximation to the truth. 

For sub-soil-draining and deep cultivating with steam, an expenditure 
of Res. 6 per acre is here advocated. The expenditure thus incurred, (as 
in England with sub-soil-drainage,) might be recovered, capital and good 
interest, by smali annual payments by the cultivator, not only without in- 
convenience, but with immense advantage to him, and ample remunera- 
tion to those advancing the money for the outlay. But what is the case 
with our existing irrigation works which we rightly so value as to gradge 
little for their extension ? 

According to the Irrigation Reports for 1868-69, the Ganges Canal 
up to date may be said to have cost Government roughly 3 millions of 
pounds, and only then to have been yielding 4:8 per cent. direct profit on 
outlay. The expenditure that year did not amount to Res. 4 per acre 
irrigated; but the year was an exceptionally favorable one for the canal. 
Probably Rs. 5 per acre irrigated may represent the present expenditure, 
and not very long before the date above quoted, at least more than 
twenty years after the commencement of the construction, the expenditure 
must have been very considerably in excess of what is here advocated for 
sub-scil-drainage and deep cultivation, the ewer returns from which 
are immediate. hi aa 





. iti or-wrongly,. out, comele ‘gob, ovedit, for: china ite ; 
-gnvount of malaria and disease, and if the fact as to the covh, ie. plane Mi 
‘soil-drainage and deep cultivation, the well-known antidotes tothis malaria, | 
are found everywhere else to be as. here stated, is it not incumbent. op ue 
‘us to try the experiment in India; and, should the experiment prove 
auccessful, not only enjoin the extension of such improved husbandry, 
but even hereafter in time make it obligatory wherever canal sil 
is carried on? 

To satisfy the sceptical as to the results of deep cultivation and subsoil 
drainage, the first experiments might easily be effected with deep cultiva- 
tion, with sub-soil drainage, and with both combined, by manual labor on 
three or four acres of different class soils in juxta-position to a similar acre- 
age cultivated in the ordinary way with and without irrigation; and so 
much the better if a tract of reh soil be selected for the experiment. The 
main questions to be settled in the first place are—(1), The irrigating duty 
of water; (2), The benefits derivable without manure; (3), The benefits 
derivable with manure; (4), The effect on the reh ; (5), The necessity or 
otherwise for Irrigation in Upper India. 

If the question of cost be the stumbling block, Government is already 
in possession of by far the most expensive portion of the apparatus for a 
trial with steam. 

There are lying idle at Bareilly, a 10-H. P. eriston engine by Clayton 
and Snuttleworth, and a B 1 centrifugal pump by Gwynne. All that is 
now required is Fisken’s apparatus and tackle, with Fowler's cultivator, 
digger and ditcher, the whole probably costing Rs. 8000. 

At the Stafford trials in May 1871, a sistcr engine to the Bareilly ore 
proved itself capable of accomplishing as hard work in ploughing with 
Fisken’s apparatus as even Fowler’s far more’ powerful engines—two of 
20-H. P.—working Fowler’s system, though of course the speed was much 
less in the former case. The Judges’ award went to Messrs. Fowler; but 
it is quite possible that the decision might have been different, had the 
trials taken place in India, where the wearing parts of Fisken’s tackle 
(chiefly Manilla rope) could be so easily replaced, not to mention ‘the 
great advantage as to first cost, weight, and he which aes 
el possesses. 

“The Gwynne’s pump at Bareilly might prove valuable, if not neceseary, 
to settle the question of the “ irrigating duty ” of water applied to.sei?-cul. 
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“tivated on-the existing 2 as compared with the pital system 
‘proposed. - 

‘Such questions as those relating to climate, health, &c., protracted « 6x~- 
‘perience of operations on a large scale can alone solve. 

‘Assuming such to be the case, advances by Government to cultivators 
and assistance in sub-soil draining their land are certainly as legitimate 
‘applications of public money as the extension of canals, which most pro- 
bably have not yet done half their duty, and must do it all before they 
cease to poison the air with malaria. 

In the interests of irrigation can there be a more important question to 
settle than the treatment of the ‘‘ Reh” lands, extending year by year 
throughout .our irrigated districts* and rendering our irrigation worse 
than useless? Sub-soil drainage combined with deep cultivation is the 
rational remedy for the evil complained of—more than that-—it is the only 
known practical remedy. It has been tried and proved successful by a 
private individual on a small scale at Lahore at least; and it is almost 
inconceivable that a persistent reiteration of theories opposed to reason 
and fact should have sufficed hitherto to forbid a very incxpensive public 
experiment to solve this question of such national importance. 

Finally, the conclusion we arrive at is:—That Major Corbett is right in 
demanding deep cultivation; but that, according to all known precedent, 
such cultivation should be preceded by sub-soil drainage: and that though 
sub-soil drainage and deep cultivation cannot be regarded as substitutes for 
irrigation, precedent-tends to prove that the two combined are efficient 
economisers of canal water, and, experimentally at least, as worthy of the 
attention of Government as the extension of canals that have not yet done 
‘half their duty. 





Cost of steam Ploughing. 


(1.) Smith of Woolston’s round about system as actually observed at 
Elkington, Lincolnshire, April 30th, 1870, on soil which in India would 
be classed as “‘ doomunt,”’ second ploughing from 7 inches deep to 10 inches 
.deep. Engine a12-H. P. agricultural single cylinder with double expansion 
valve, by Toxford, working at 60 Ibs. pressure, cost £280. Cultivating 
tackle cost £170. Steel wire rope 1,400 yards cost £50. Total £500. 


# Vide Mr. Sherer’s report on the Western Jumna Canal districts, submitted to Government in 
1856-57, and many other reports. From personal observation, I can testify to the rapid extension of 
* eh’ land in the Bareilly district from 1963 to 1868, 
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dn Bigland 3 dn Fadler * 

Actual. Eotimated. 

. & 8 da. RO 4. Pe 
| Engine, i ve ne? . 280 00 — 8,700 0 0 
Tackle, oan eos eee Pris eee 170 0 0 2,800 0 0 
Wire rope, +. ae eT . 60 0 0 680 0 @- 
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Totals, ... 500 0 06 6,680 0 0° ° 
or Bay, 6,700 Q @. a 


Cost of working per day of 10 hours, — 


In England In India 
Actual. Estimated. 


& 8. 4. RS. A. P. 
1 Engine driver, ... was sees «ete . O 8 6 08 0°. 
1 Man at drums, ... oes “ae as wo O 2 9 0 6 0 
2 Men at anchors, .. so ure coe ieee COCO 08 06 
1 Manat plough, ... se. ase os = ose O 2 6 0 6 0 
2 Boys or porters, ... ote eae eee oo O 1 8 0 6 0 
1 Man for water and general work, ane ~ O 2 6 04 0 
7 cwt. coal, ... wee ass oes wo O 2 4 

avey 20 maunds wood, 1. —.e0 see ns 5 0 0 
Oil and waste, ens dee “ae aes » 0 1 0 100 
Depreciation, wear and tear, interest on i ia &c., 

of Engine, ... Kee si we O 2 0 1 6 0 
Depreciation, wear and four inteweas on tack, 

rope, &¢., ... 065 8 8 8 0 
English supervision and other contingencies ers — | 

bly peculiar to India, _... ‘ies eee 113 0 


Totals, .. 1 8 6 15 0 0 
orsay, 110 0 16 0 0° 


The work dono at Elkington on April 30th was ten acres in a day of 
10 hours, which gives a rate of 8s. per acre. The first time of ploughing 
down to 7 inches deep, the work done per day was said to be 5 acres, 
which gives a rate of 6s. per acre; so that the two ploughings together 
cost 9s.‘per acre, or say 10s. or Rs. 5 per acre, allowing for possible 
omissions. The actual cost in England and the estimated cost in ee 
may be taken as the same. 

Notes on the steam ploughing at the Royal Agricultural Bociety’s 
Exhibition at: Wolverhampton, where the soil was stiff, give — ven 
than this; but such stiff soils are quite exceptional. 

‘A report in the Scotsman of 2nd March, 1871, on direct action sough 
with Thomson’s road steamer at Dunmore Park, assigns 2s. 9d: per atre 
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for ilies autumn stubbles, and 82. 10d. per acre for spring ploughing; 
but tha statement gave rise to much controversy in the papers, and this 
question of direct action ploughing must still be considered as an open one. 

Fowler's system and Fisken’s system both claim to be better than 
Smith’s ; but that is not a question to be entered into here. The: only 
object is to show what the cost of steam ploughing need not exceed. by 
well-known, well-tried and efficient methods. 


Estimate of sub-soil draining per acre in India, 
Drains to be composed of 2-inch drainage pipes, 15 inches long, laid 18 
feet apart and 3 feet deep. Sectional area of cutting 2} superficial feet. 


Excayation and refilling 
2420 x 2} = 6,060, or say 6,000 c. £., @ Rs, 1-8, aa 
1936 2-inch pipes and angie or eed 2,000 pipes, ad Ra. 5, 1 
Contingences, ase si 


mm SO 
ooo 
— i | 





Total, 20 0 0 

Where a steam plough is available, in most instances the sub-soil drain- 
ing might be.done by means of a special plough worked at 18 feet inter- 
vals, sub-soil draining and deep cultivation being in such a case effected 
at very nearly the same cost as deep cultivation alone. No pipes will be 
tequired for this system of sub-soil draining. 

In some cases pipes will be found indispensable for sub-soil draining, 
and may be laid by means of steam and Fowler and Fry’s pipe draining 
plough. One rupee per acre would probably suffice to cover the cost of 
excavating the smal) pits excavated at short intervals for the introduction 
of the pipes, and in this case the cost might be estimated thus per acre: — 


“Hand excavation, ... w Rs 1 0 0 
Machine work of sub-soil detains and deep enltivation, vw » 686 00 


Cost of pipes, one oes eee ove oon ene 99 100 00 . 


Total, «. » 17 0 0 
Abstract of Estimates. 


Deep cultivation and sub-soil draining by steam without 
"™ viines, per acre... see teste tee ate we BB. 
| . Ditto ditto, with pipes, ‘ker, Gis ates ekg AT 
Deep cultivation alone by steam, ee - abe. bs soe gp «=—CS 
_  Gab-soil draining with pipesby hand, 1 a. are veep 20 
C. 
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IRRIGATION EXPERIMENTS. 


{Vide Plates Nos. XXVIII, XXIX,, and XXX.] 


Report of certain experiments made on the discharge and trrigating power of 
various forms of pipes or outlets on the Baree Doab Canal. By E. C. 
Patmer, Esq., C.E., Exec. Engineer. 


Ix compliance with instructions conveyed in Superintending Engineer's 
No. 2809, dated 12th December, 1867, the following experiments wero. 


made :— 
1stly.—On the discharge of muddy canal water through orifices, or ra- 


ther, short tubes, having a length of 15 feet, the average length of the 
heads of the private watcr-courses on the Baree Doab Canal, &c. 

2ndly.—On the time required to thoroughly saturate an acre of ground 
with the same orifices working under the same heads of pressure. The 
latter experiments were repeated on different descriptions of land. 

. 38rdly.—For the sake of comparison with the above, the discharge and 
irrigating powers of jhullars (machines for raising water with small lifts) 
and wells. 

‘These experiments were made by myself and my brother Captain Palmer, 
Executive Engineer, 2nd Division, Baree Doab Canal, so far back. as 
November 1867, but we have not had leisure from our current duties to 
prepare the report sooner. a 

Before alluding to the experiments, it is necessary to describe ag ac- 
curately as possible, the conditions under which they were made, and the 
apparatus employed, Near the village of Chevinda, in the Umyriteur 
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District, end within a quarter of a mile of the Aliwal rajbuha, lies a 
masonry tank, having a sluice by which the water may be run off into a 
neighbouring pond; from the sill of this sluice to that of another, by 
which water is admitted from the rajbuha, is a height of 6°6 feet. A 
sketch of the relative position of the tank, rajbuha and supply channel is 
given in Plate 28. The arrangement of the pipes whose discharges were 
observed, is shown in Plate 29. 

The method adopted for observing the discharges was as follows :— 

Water was admitted into the pressure tank by the channel, a, e, Plate 
29, until the water was brought to a level in both reservoirs as shown 
in the section, the surplus flowing off at c and d. The supply was then 
cut off at a, and when the water was at rest (having, of course, one con- 
necting pipe, jf, open), the floating gauges figured in Plate 29, were 
placed exactly vertical, one in the pressure tank, the other in the reservoir 
R. The wires of both wero then adjusted to read alike. 

All the orifices, fff, were then securely closed at s ss, with the excep- 
tion of that, to be observed. 

Water was then again admitted into the pressure tank in excess of the 
probable discharge to be observed, and the long slecpers forming the mov- 
able waste-weir at c raised or lowered until the reading of the gauge in the 
pressure tank was higher than that in the outer reservoir by the amount 
of head required. 

The head thus measured was the height of the surface of the water in 
the pressure tank above that in the reservoir R. 

As soon as equilibrium was established, the reading of a third gauge in 
the large tank was noted, the time taken, and the gauges in the pressure 
tank and reservoir, which could be both secn by the observer at once, care- 
fully watched to see that the head did not vary during the experiment. 

If the head showed a tendency to increase, a small obstruction placed in 
the channel at a was sufficient to correct it; if to decrease, a brick or two 
on the sleeper c, over which the thin film of over-plus water was flowing, 
at once brought the weir up to the reading required. 

After an interval of about two hours, the reading of the gauge in the 
large tank was again noted, time taken, and the experiment repeated. 

As the tank was a large one for the purpose, a more sensitive gauge 
than that figured in Plate 30, was also employed as a check. 

On one side of the tank, on a step 140 feet long, an incline was made, 
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' 95001 S008, The steady flow: of: water up this incling’ desing on expe 
“gent was very satisfactory. Yen 

- When that portion or stratnm of the tank, into which the we vwesidia: 
charged by the pipes, became filled, the sluice at ‘D, Plate ~ was open 
and the water run off to the pond outside. ‘s 

The orifices experimented on consisted of eylindrical tiles of well- buried ) 
clay unglazed, each 1-4 feet long, joined with a butt joint, having a collar 
cemented over the joint 8 inches wide. 

Besides these a rectangular wooden-pipe, 1:3 feet x 0°7 foot inside 
measurement, having a frame or diaphragm 1 inch thick, inserted in ié - 
0-9 foot x 0-4 foot inside measurement, representing the ordinary tem- 
porary “ mogah, ” or private water-course head now in use on the Baree 
Doab Canal. 

It will be observed that these experiments were made with both ends of 
the pipes submerged, such being the usual condition of water-course heads 
on this canal. 

The water was the usually heavily silted water supplied by the Baree 
Doab Canal; the actual percentage of solid matter was not observed ; 
it yaried from day to day. 

When the actual discharges of each pipe under various heads had been 
observed, the experiments on irrigation were commenced. 

The same description of pipes made by the same machine were inserted 
in the rajbuha bank, the head of pressure being observed in the same way 
as for the discharges above described. 

The time required to gave a thorough watering to a field was thus 
determined :— 

No one watering to any standing crop (save rice) requires so much 
water as the first given on the fallow land to saturate it for ploughing. 

Fallow lands, therefore, of various qualities were selected to experiment 
on, and a Committee of villagers was always present to decide when the 
fields were properly irrigated. ¥ 

Time was taken when the water reached the field, and when the N: atives 
judged the irrigation completed. 

No water was allowed to enter the field until the head on ihe pipe had 
become perfectly stable. When this had been effected, a handful of chop- 
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ped etraw thrown in the water-course indicated when the water igsued with 
the required head had reached the field ; tHe escape in which the water had 
been running to waste was then closed, and the water turned into the 
field. 

The same method was adopted for the observations of irrigation from 
wells and jhullars. 

The actual discharge of these raising machines was somewhat difficult 
to determine with any accuracy without going to a greater expense than 
seemed necessary. Where a well had a cistern (for cattle watering) at- 
tached to it, it was used as a measure, and the discharge observed with 
facility and accuracy. But when this was not obtainable, the discharge 
was computed by weighing the water brought up by a certain number of 
the well-buckets (tinds) taking the average, counting the total number of 
sound buckets on the rope, and noting the number of minutes expended 
in a revolution, repeating the last several times, and taking a mcan. 

Checked by a cistern in one instance, the result showed very fair accuracy. 

I trust the above detailed description of the way in which these experi- 
‘ments were conducted will not be thought superfluous, It is true that such 
details are frequently omitted in the record of similar experiments ; but it 
appears to me that the bare results of experiments are well nigh useless 
to the practical Engineer when the conditions under which they were made 
are not very exactly described. 

A table of the discharges observed is given in Appendix A., and in 
Appendix B. is shown the result of the irrigation experiments. 

The experiments on what was intended to be a 3-inch pipe, were 
made with the view of demonstrating whether anything smaller than a 
0-4 feet pipe could, with an average head, discharge as much as a jhullar 
or well. Had it done so, it might have been expedient to use them as 4 
standard for issue to gardens. Comparing the discharge of No. VIII. 
Appendix A., with that of No. XX XIX. and XL., Appendix B., it will be 
seen that, with a head of 0-4 feet (the greatest head that can be depend- 
ed on in a rajbuha on this canal), the discharge of the 38-inch pipe is about 
half that of an ordinary jhullar. 

For agriculture, it is therefore (in my opinion) too small, and. the 
eeohomy obtained by using it for gardens would be more than counters 
‘balanced by having two standard sizes of issuing pipes. 

- The experiments with the 0-4 feet pipe show that, with a head of 0-4, 
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the discharge with the 0°4 feet pipe is about 43 per cent. more than that 
of the best jhullar observed, No. XXIV., Appendix B. 

The 0-48 feet pipes were intended to be 0°5 feet diameter; but the 
shrinkage of the clay during firing being greater than was anticipated, 
their actual measurement was found to be 0°48 foot. 

They discharged as nearly as possible half a cubic foot per second with 
a head of 0:4 foot, —vide Nos. II. and XXXVI, Appendix A.,—and this, 
which is more than double that of a good jhullar, is, I think, too large for 
ordinary service for small farms, to the requirement of which, the stand- 
dard size pipe or outlet should be adapted, inasmuch as two, three, or 
four of a smaller sized pipe could be granted where the demand appeared 
to require a larger discharge. 

As the group of fields belonging to one man or one family in the dis- 
tricts affected by this canal are generally considerably less than 50 acres, 
to fix on a sized outlet larger than is necessary for the irrigation of these 
would inevitably lead to great waste of water. 

To judge of the proportional discharge of additional pipes that might 
be granted in one head for a large farm, two 0°5 feet pipes were laid close 
together, side by side, and simultaneously opened. Their united dis- 
charge, as shown in Appendix A., was :— 





Bead. 0°85 feet., double. 0°5 feet, single. Baas i Moubie to 
2 ‘81 0°31 2°61 
4 112 0°50 2:29 
6 1°48 0°59 2-49 
87-25 
Average, 2°42 


Average, 2°42, say nearly 21 times that of a single pipe. 

In granting additional pipes to a head, this should be borne in mind. 

The result appears at first sight anomalous, but I think may be account- 
ed for by the larger aggregate opening causing a higher velocity of 
approach. D’Aubuisson’s experiments show a small increase, 

The object of the experiments on the “ Mogah” was to determine the 
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actual discharge of an outlet of whose irrigating powers we have abundant 
statistics on the Baree Doab Canal. 

Appendix B., is intended to exhibit clearly— 

Istly.——-The duty that may be expected from each description of outlet. 

2ndly.—The actual volume of water required to thoroughly saturate 
an acre of various descriptions of soil. 

3rdly.—The time each outlet would expend in patetlag an acre. 

In considering the power or duty of an irrigation head, it is obviously 
necessary to determine beforehand the duration of its flow. 

After an experience of some seven years ona great variety of soils, 
and during some remarkably dry scasons, I may be allowed to express my 
opinion that, on this canal, no Officer is making the utmost of the water 
whose outlets are allowed to flow more frequently than one day in four ; 
and, as it is necessary to assume some duration, 1 shall, in the following 
remarks, base the calculation on the supposition that a private water- 
course flows eight days (of 24 hours) in the month. 

The area cultivated round a good jhullar may be safely taken as an 
average sample of the size of a farm owned by one man or one family. 
It is a more constant quantity than the arable round a well, as the cir- 
cumstances of the latter must always present infinite variety. 

The mean area of 50 jhullar farms actually measured was 52 acres, say, 
22 acres of khureef, and 30 acres of rubbee harvest. 

The averages in. Appendix B. show that an average depth of 0:24 on 
the whole surface represents a thorough watering on average soil (in 
sandy land it is as much as 0°31), and 43,560 x 0°24 = 10,454 cubic 
feet as the volume required for 1 acre. Actually the average is (exclud- 
ing the sand) 0:21 and 9,148 cubic fect, but it will be safer to use the 
larger number. 

Taking a single holding or farm to*be 52 acres, we sec that with a 
0-4-feet pipe working under a head of 0-4 discharging (vide Appendix A.) 
*8323 cubic feet per second, with such an outlet a man would require 8 
days to prepare his 22 acres of khureef for ploughing, and nearly 11 
days for the 30 acres of rubbee ploughing. The best season for this 
operation.lasts about six weeks or 14 months ; he would have at least 8 + 
4 days (vide above) of constant flow from the canal, and would, there- 
fore, be able to effect his irrigation from a single pipe easily for the khu- 
reef, and with economy for the rubbee. 
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From this I infer that such a pipe is well suited for our requirements, 
as a minimum standard outlet. 

It may be objected that during seasons of drought so small an orifice, 
irrigating only 2°7 acres per day of 24 hours, would be incapable of se- 
curing 20 to 30 acres of standing crops, but it must be remembered that 
(excluding rice) no standing crop requires more than half of the quantity 
of water per acre that is necessary to saturate the ground for ploughing ; 
the standing crops would, therefore, be watered at the rate of 5-4 acres 
per day. 

The owner of such an-outlet would be able to secure as much crop with 
his water flowing once in four days as his neighbour with a 22 feet well, 
working his cattle night and day, the proportional discharge being as 38 
to 10 (vide experiments, Nos. V. and XX.) 

The experiments, both on discharge and irrigation were too few to 
render this report as complete as I should wish, I can only say we fonnd 
the greatest difficulty in finding spare time from our current work to 
conduct them, and that we were anxious to make sure of a few very care- 
fully observed experiments rather than a Jarger number conducted more. 
hastily. 

And to obtain accurate results an expenditure of time apparently dis- 
proportionate to the amount of work actually recorded seems essential if 
the observer insists on seeing and doing everything himself. After a 
long day’s work in the field, watching an irrigation experiment, it often 
occurs that some blunder or accident renders the whole day’s work not, 
perhaps, wrong, but doubtful, and therefore, worthless. 

At Appendix C. there are given a few deductions based on these ex- 
periments, which may be found interesting, but would needlessly lengthen 
this report. 
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APPENDIX A. 


Mean results of experiments of the discharge of varioua forms of irrigation 
outlete, 


N.B.—The cylindrical forms are earthen-pipes described in the report. Tho rec- 
tangular orifices are the inside dimensions of a frame of wood 01 thick, fixed in a 
trough or box forming a diaphragm. 






















































Serial numbers of | Theoretical ae oie 
experiments in | Diameter | Mead of | discharge | ‘served ; Remarks, 
Ficld-book. of orifice. | presaure. | ayo, | meun of ex- 
periments. 
c. ft. per | ec. ft. per | 
sicond second, 
Vik aus 0'285 0-2 02289 | 0:057 This size of pipe was 
not used in irrigation ex- 
VIIL., a» 0:285 04 0°3238 | 0:0732 !periments ; its discharge 
obviously too small. 
IxX., Kes 0:285 0°6 0°3966 | 0°1083 
VI, XXXVIIL, 0-4 02 0°4510 0:2318 
V., LIL, LIL, 0:4 04 0°6877 0°3323 
| 
IV., XXXITIIL,...| 0-4 0'6 O-7811 | 04137 
| 
As) EERIE eon ecco: | eereceenen Hoe EUR | GUAR Ha COMARTEEOL OED Qe SaCURE NR M 
I, ae. ; 0-48 0:2 06494 | 03130 
iI., XXXVI., ...; 9°48 0-4 09184 0:5003 
XXIII, ... oo! O48 06 1314] 0°5981 
>.< 3 er 6 5 0-2 14093 | 0°8131 | Two‘ pipes set close 
together. 
AIJIL., XXXIE,,... 0-4 2°005 1°1268 
XV., see b+ 5 0°6 2°441 1439 
et — 
XXVIL,X, {aca 0-2 | 1306 | 0-801 | The aize of the die- 
“. phragm used for irriga- 
SI, XXXKV., ..| «3 0-4 1°847 1114 jtion, ride XXV. and 
te XXVI, was ‘99 x °42, 
REX. 0 wel “400 0°5 2:065 1:480 discharge of which is 
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APPENDIX O. 


The aecompanying report gives data of the observed quantity of water 
required for irrigation. 

It will be interesting to calculate the value of the water thus used based, 
on those data and in the figures given in the Revenue Report of the 
‘Irrigation Department, Punjab, for 1867-68. 

In the Revenue Report qnoted, the Capital Account of the Baree Doab 
Canal is given up to Ist April, 1868, as Rs, 1,16,25,792, and the current 
expenditure during the year as— 


RS, 
Direction, ie ee ae a 80,826 
Eatablishment, ee ee oe ae 1,56, 492 
Repairs, ee oe os oe 2, 17,783 4,05,101 





The interest on the Capital for one year amounts, at 7 per cent., to Ra. 
8,13,805; consequently the sum of these two last, amounting to Ra, 
12,18,90¢, represents the cost of the water issued by the State during the 
year. 


This sum has to be divided in eqna] parts on the two harvests, khureef 


and rubbee, or = == 6,09,458 for cach; for the rubbee there are 182 


days, in the khureef, 183. For the rubbee the average constant discharge 


a 59-9 x 360 
was 959-9 cubic feet per second of water utilized, and rei i gm are ae 


== '24,767 cubic feet per Re. 1; and for the khureef the quantity utilized 


178271 ~ 3600 x 24 x9 188 46.284 
sees wee : 


was 1782-1 cubic feet per second, and 6,09,453 





cubic feet per Re. 1 

For comparison of this the actual cost to the State, with the new revised 
rates now demanded, it will be sufficient to consider the two principal crops 
of each harvest, viz., wheat and rice. 

Wheat, in a dry season, requires five waterings. From the averages of 
the observations 10,454 cubic feet may be taken as the average quantity 
expended in watering thoroughly an acre of ground for plonghing, and for 
a standing crop 8,000 cubic feet would be ample; therefore the acre of 


wheat would require— 
Cubic feet. 
For ploughing, ° oe 10,500 
Four waterings, at Rs 6,000 cubic fect, = 82,000 42,500 


and 42,500 cubic feet at 24,767 cubic feet per rupee, would have cost. the. 
State Rs. 1-12-5 per acre; the rate now charged is— 
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BS, A. 
Water-rate, e ee ee eo 2 8 
_ Water advantage rate, oe oe ee : 28 10 


Rice requires ten waterings, but a watering for rice, whether for sioeeie 
ing or for a standing crop, has a very different meaning to that applied to 
any other crop. We have seen that to saturate the ground thoroughly for 
ploughing requires on average soil a depth of 0°24 feet to be thrown on the. 
ground, ¢. e., a quantity representing that depth were the soil impermeable, 
and with this quantity the surface of the ground is free of water in an hour 
or two; but, for rice, the irrigation is continued until some 6 inches of 
water remain on the surface of the heavy clay in which this grain flour- 
ishes. Nine inches depth on an acre represents 32,670 cubic feet, and 
ten such waterings would expend 8,26,700 cubic feet, and this divided by 

826700 


the khureef rate Fag] = Rs. 7-1; the rate now levied on this crop is 
Re A. 
Water-tax, iia oe oe 4 12 
Water advantage rate, oe . 1 2 6 14 


an ae 


Taking the figures for the whole canal, again quoting the same report, 
it appears that 1,46,000 acres were irrigated during the rubbee by flow 
(10,000 acres by raised irrigation may be omitted). With the volume 
above noted, divided by the acreage in feet, we obtain a depth over the 


959°9 « 8600 x 24 x 182 
whole crop jic000 % aag60 = 2°37, and for the khureef, acre- 


age of which was 1,04,000 2% Oe IE == 6219. 


Had the whole of, rubbee harvest consisted of wheat and barley (and 
its proportion was more than 5 acres to 1 of all other crops) the depth 
should have been 47209 == 0-975. 

Had the whole of the khureef been rice and ¢heena, the two being 


43660 
actually in area as 4 to 1 of all other crops, the depth should have been 
826700 == 7:5, 


43560 7 | 
From this it would appear thero was a greater waste of water than can 


be accounted for by evaporation of water in channels during the rubbee ; 
while the actual cxpenditure on the khureef is so near that of the cal- 
culated, especially when allowance is made for the crops, other than rice 
taking less water, that it can only be explained by the usual rain-fall,, 
which: of course relieves the canal greatly for a few weeks’ uns the 
harvest referred to 22 inches fell in Umriteur): : 
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IRRIGATION EXPERINENTS. ee 377 


Note by Mason E. L. Earte, 8.C., Of. Supdg. ae Uppet 
Baree Doab Circle. 





Dated 25th August, 1871. 


Tas pipes experimented on were all 15 feet in length,—that being the 
average length of water-course heads,—and were of two kinds in section, 
cylindrical ‘and rectangular. The former were of baked clay, -285, °4 and 
“48 in diameter, intended for °3, -4 and -5 pipes, and the latter of wood, 
with a diaphragm fixed in, having an orifice 9 x °4. 

The discharge of these wero observed under *2, *4 and ‘6 heads of water, 
the heads being measured by the difference in level of the surface of the 
water on either side of the orifice which were submerged, such being gen- 
erally the case with water-course outlets. 

As the tank into which the discharge for ascertaining the quantity of 
water issued was a large one, each experiment was carried on for about 
two hours, and the depth of water discharged into the tank then measured 
off from a very much enlarged scale, as described in the report. Every 
care seoms to have been taken to enstire as much accuracy as possible. 
The several experiments on discharge are shown in Appendix A. 

With regard to the best size of pipe for water-conrso heads, Mr. Palmer 
considers that the -3 pipe, discharging only 0732 cnbic feet per second, 
with a head of °4, the greatest to be depended on in a rajbuha, or about 
half that of an ordinary jhullar, is too small for agricultural purposes. 
Tho °4 pipe, discharging with the above head ‘3323 cubic feet, or nearly 
half as much again as the best jhullar observed (‘23 cubic feet per sec- 
ond), is the size Mr. Palmer recommends for general adoption. The °5 
‘pipe, which discharges nearly half cubic foot of water a second, or more 
than double that of the best jhullar, is too large. 

For the quantity of water and the time required for irrigating land, 
Mr. Palmer made experiments on fallow land, selecting fallow land as 
more water is required to saturate it for ploughing than is required for 
watering standing crops. 

The several experiments made for this purpose are given in Appendix 
B. From these the average depth of water to saturate the different 
kinds of soil experimented on was as follows :— 


e Sandy soil, se os fx) oe eo oe oe “87 enbic feet 
Loany » ee ve oe ee es ee as 22 yy 
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Hes clay soll, «2 es we oo = we we 88 Cubic feet. 
Ordinary soil found on high land between Beas and Ravee 
Rivers, ee ee oe ee ee ee oo 627 9 


From these experiments, taking ‘3 feet as the depth of water required, 
to saturate land, and which is more than is necessary for any but a sandy 
soil, Mr. Palmer shows that an ordinary-sized farm of 52 acres obtained 
from actual measurement of 50 jhullar farms, consisting of, ssy, 22 acres 
‘of khureef and 30 acres of rubbee land, could be watered for ploughing 
from a ‘4 pipe, the former in 10 days, and the latter in 189 days; and 
that as the season for ploughing lasts 14 months, if it be assumed that a 
water-course flows 8 days in the month, the former area could easily be 
prepared within the time required, and the latter with a little economy. 

The time required to cover an acre of land as above is -455 days, or at 
the rate of 2:2 acres per day. For standing crops the rate may be.taken 
at 4:4 acres, for these, with the exception of rice, do not require more 
than one-half as much water as is necessary for ploughing. This rate, 
even in a season of drought, would be sufficient to secure 20 or 30 acres 
of cultivation. 

In comparing the irrigating power of snch an outlet with that of ma- 
chines for raising water, Mr. Palmer states that as much irrigation could 
be obtained with water flowing only once in 4 days as from a 22 feet well 
worked night and day. As from experiment No. XX., Appendix A., 
the discharge of the 22 feet well was °10 cubic feet per second, the ad- 
vantage in favor of the canal water-course does not appear to be quite 
SO great. 

I quite agree with Mr. Palmer in thinking that the -4 pipe is best suited 
for canal water-course heads. Where large arcas of land had to be irriga- 
ted, and one such pipe would not suffice, two or more could ke given to 
the same head. In cases of such heads, Mr. Palmer points out that the 
discharge from two pipes placed together is more than twice that from a 
single pipe; the discharge from double and single ‘5 pipes experimented 
on being nearly as 23 to 1. 

These experiments, which are of much use in enabling some idea to be 
formed of the quantity of water requisite for irrigating a certain area of 
land, and thereby utilizing the water available to the greatest extent,. 
have been carried out with much labor and care, and under great difficul- 
ties, for which Mr. Palmer and Captain Palmer deserve great credit. - 
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No. XXXVI. 


EQUIVALENTS OF METRICAL WEIGHTS AND 
MEASURES. 


Tus following figures which are those that are finally adopted by the 
Standards’ Commission, have been received from the Warden of Stand- 
ards, 

The metre is the length of the French standard at temperature 32° 
Fahrenheit. 

The yard is the length of the English standard at temperature 62° 
Fahrenheit. 

The metre, when compared to the yard, both having a temperatnre of 
82° Fahrenheit, is 39°387079 inches. The metre at 32° Fahrenheit, com- 
pared with the yard at 62° Fahrenheit, is 39-382 inches, and this is hence- 
forth to he considered the correct equivalent for use. This modification 
of the usually accepted figures leads to the following changes :— 











Old Equivalent. New Equivalent. 
1 Kilometre _— 0'621382 Milo. 062156 Mile, 
* 1:0986383 = Yards. 1:09394 Yards, 
1 Metre a 8280899 Kcet.. 828183 Feet. 
89°370720 Inches. 89°38200 Inches, 
1 Mile =x (1609:315 Metres, 1608850 Metres. 
1 Yard. = 0°91438 Metre. 091412 Metre, 
1 Foot = 030479 Pa 0'80470 ‘ 
= 0°02589954 . 0°2539231 s 


1 Inch 
1 Square Decimetre=: 15-50059 Square Inches 15°50942 Square Inches, 
J 


9608 Yards. 1°19671 
1 Bqaare Metre = =41 157643 ” Feot. | 1077048 5 
1 Are aS ae | 11960882 " Yards,| 11967144 4, 


Hectare 2°47144 Acres, 2°47265 Acres, 
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Old Equivalent. New Equivalent. 
1 Square Mich = | 0°06451 Square Decimetre| 0:0644765 Square decimetre 
1 Square foot = 0092890 = 6,, Metre, 00928461 ,, Metre, 
1 Square yard = OS86097 4 sy 0'88561 3 a 
Acre = 0°40467 Hectare. 040444 Hettare. «=: 
1 Square mile = (25898944 Hectares. 258'8400 Hectares. 
8°81658 Cubic Feet. 


1 Cubic Metro 


1 Cubic inch 
1 Cubic foot 
1 Cubic Yard 


HW 


1 Litre 


1 Gallon = 


1:30802 ,, Yards. 











1688618 Cub. Centimetres. 
28315811 ,, Decimetres. 
076451, Metre. 


EOP 


0:22024 Gallon, 


454041 Litres. 











De 


8584675 Cubic Feet. . 
130914 ,, Yards 


1637207 Cub. Centimetres. 
28'29087 ,, Decimetres. 
076885 , Metre, 


Saha | 


0:22018 Gallon. 


peer 














QED COED 


454178 Litres. 


The kilogram remains unchanged, being 15432°34874 grains, or 
2-204621 ths. avoirdupois : 1,000 kilograms equal 0:984206 ton. . 

One pound avoirdupois equals 0:45359265 kilogram. 

One ton equals 1016°04754 kilograms. 


Inpia OFFIcs, 


Lhe Sth December, 1871. 


R. 8. 
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No. XXXVII. 
TABLES OF INDIAN CROPS. 
By Capt. J. M. Heywoop, R.E. 


Tae data furnished in these Tables have been collected in connection 
with investigations on the duty of water in regard to Irrigation schemes. 

The list of Bengal Crops has been revised by the Principal of the 
Indian Museum, at Calcutta, and the Superintendent of the Oalcutta 
Botanical Gardens. 

The list of Madras Crops was communicated by Dr. Hunter, of the 
Madras School of Art. 

The list of the Bengal and North West Crops is incomplete, the defi- 
ciency in this respect can however, it is believed be easily supplied by 
numerous officers in those Provinces. 

From Bombay no data have been collected. 


VOL. 1.—-SECOND SERIES, 2u 


SAVLNG OF INDIAN CROPS. 


$82 








ne “ATER ‘oun 66 ef . | ‘ame ee ] 
ae jiemaamoa| miy} : ‘apemg) “Ke Ann) 5 eqz.0q umpdisnon a : 
hrnqeg} qady |, ; : "ooq | “qoaeyy | “QorEyy “ames Lee 
oy aon, ayag| EM) Areaose} “SH -moorey.z| pu ‘Igag] puE xqNg|- Tuyo oma igs 
. qudy| ‘dence ‘qadyj ‘Aren1q0,7 . ‘ ‘aog}} 
: ad + £IVQUG “<p oo CO 
"2q0PO pus ood pus oun : . sea 
. : ~}'49q099 ‘aun e er() 
Ras ‘fyag) 2990790 ‘| Arenageg e OOTTEN oa sel ee pas Avy ae aaa se 
‘Lreniqag| 229030} = ‘z0JOOIg UMYZIOg)** —“aBYpgap o[sy 
“canao ; 
| | emg at 0 
-Aronus st “ | feureqg! “1389070 sp) “wMeoeyTU uMotmeg)** = ‘aeZry 40 BUIeqh) 
! ar 
Bameyes| —aume| 20q0790| fing) “EO me} Td ‘shun 927, ¢ bet 
6c C4 6 TUUo ‘Gara 
“Arenuvpiequiaydeg} -Louuay, UMS eI] MINOLTA) ( oem) goutusy 
“ ‘ “Gay 
as “Ayop une; = «6 ‘tdy} ‘ooqumg ss “wqeoids wLIBTTIOTIET tie poxids) wieg 
Ss ee *19qQ0}O “oun ¢ Jaquiaydeg: ‘punjoqy) “19q070 “smp|  ‘aze3ua umnaFz0g; ‘(491 [101 78013) Jamo 
Py co 66 « “ “ WIM YIysexIy mmopi0y ae eo 8 
a & st sé as Sg ATIUS BudAY oe 


“ = « és & i : p Umar], 


judy T1340 ~ a r e Leq “qorepy ; 
PUB HOE, 9 3090200 Pe RO een me -uIN poy} pus “1g a saq{ueseN ‘are3 [OA WMD, 























“dor | . 
OM [macs ua Ay] “700 WOM [ROS UST) “7B WaT tumos toy! joomen | “gn wa | mMOs THEA 
ania (iene | —_e | ites “oUESU SP FIUOHG sdo2o 30 woRd12080( 
eens 
“aofung "382M THOM WIPER -e800g | 
= ; ee ee ee 2 . 





- ‘TABLES OF INDIAN CROPS. 


: “Ang 


| 





"gore | aquioaon 
pus ‘2Q97)/99 10909 


e “A 
4990}9Q puv ae £ 


udy 
pay qreyy 


“in | 


| 


‘squad 


6 


ahd 
BYlOOT, 


Sap) -oopayyy |soquraydag 


“ 


sequuaaq.sequiadag) -ayueyng; = « 


06 


6 


‘Aeyepeyy) Areniqagy 


qudy "dngrdemsogy! «yore 

“ 
*19q1999(] Jaquiadag Pir cae d qudy 
“AIBDIQI J 


ss 


| “erqa}oog} zaquiasoyy 


‘qoruyy| | ysngny sinaue qeeaay 


‘AqOPO} ‘syuOM ge) =“ 


THdy 
‘Mex jrequiagdag 
~aaadqTV| 9p yondny 


| -eqqaow 9| ourp fay) “elunnisequiaydog 


qudy 


| 














| 





-[OJH UCI sie 


‘sump ‘Shame snposeyd 

* — |furnyerpenbqns wa1seyy/** 

“ | “AA ‘@staare winslgq}°* 

«“ ‘suanes snriqyey|*° 

a “BAI}BS BIOTA" * 

sa is “UIAUTILB 1391) 
‘aunf! ‘gnorput snuvfeZ}:- 

“ jeaanqxoy snyjoosuy fl °° 

"AA SXU}¢ snpoasua 
-Soumaqa, ‘os unu seas 
ts | ‘mnynsiYq Waal’ 

“Ayn f ‘SNUIQBUEW SnIsIqryy] \ 
“aie ‘saounf wtreyBjO1O t 


‘supjnsdyo FHIOYIIO 


Pee 


*° ‘Zoou waog 





070TH) 
‘mjjnu ‘seag 
“jausaqy ‘qeanyy 
‘suunge omg 


“JOOSsNTE 07040) 
‘zoosen yy} } 





‘uvsyed juaeg 1 


ed ‘dug ‘Tag ro 
| 
eo | 3 
“mur '- 
os ‘dwey 


 —$ABLRS OF ENDLAN. CROPS. 


“ “« | ooysepey s " ‘surojoyaip sidwaig): = °° ‘ayanug| 
‘szounf worewsgy|"* + “‘oont0g | 
| dawnsqog|soquaydeg] oogepoy) = =| uaqopo] = “samy aydemg|-- +> “res gamqg! 


Jaquiasoy| | ysazny ee : i as aa oun] « ‘sTunuTUZOD sRUTONY t = ‘HN0 as) 





“ ‘siyysodurus wolsseig (‘prejyenitt 2aryeu) mu { 





























-Lzenagog|zoqmaydeg| ooySepry] ; cae, | ra 
‘Tady) ‘4zvnuep] ‘oopag! Areniqaqg) “9[S}UING UMUTVHIG/ AL, 10 WL “UanEFBPOR we 
. 1aqgopoO *BAljes BOI) °° ‘eqyLus Poayy| a 
fone gydwaigi-- + Seana! | 
a saquiajdeg] ‘wormesiqe wo}ozmd 4B ayy | 
“Qoaey|“Jaqurss0(] Seca ty “Arwnigeg|"sequieseq]} “amaryes UUApUBLIo;) - ‘sapueyioy) 
‘omy doy; demaagy| = ‘qudy| Aavnigeg|‘ommmsyeyea woury| ° = ** “10 paosury! J 
reqmmetlog oune “ jaaquaydeg; -aifay! “ “1 ‘aywatogyo aeqiguiz|** ss ** “stip 
“ ysusny sefunye| poi suns ‘eduo] wuMoAN;)| = sieaas | 2 
iy 
cEeeurgea| “weqopo) MOL ‘syoppico many] | “HPP (8 
-<ipnigag} °2940790} ‘snjzopuy SHURETTE) . “: ‘eMOBeg, | 
i i 
"PRR| PUR] “UAV Senclpus age | MORNE wayoSIpNT|f — «+ “opm 
*dox 
owen |e sot fae ou som fase ol jo saya | “qno WaT, face | 
oAPUH a eee ‘etuwn OpT}meps "Gord yo woydiz0R0q] 
‘qstung “80 W22ON WIPER “yeduog, | 











. TABLES -oF FEDIAN CROPS. 


“COOMIAH ‘Wf 





| 
! 
| 


ee ramen ee TR A a A 


ta AD te 


"yoreyy} “499070 







































; 1) 
2090790 ‘seomdsrq wedezy, ) ee uid! 
| 0} ysudny | ee u aid 
| ‘Zony «=; ‘Auenagagq! . 0! ‘ ‘ ‘ 
-saenuve 22qmejdag! ey neg, 9 dxonaes| 199072 | BOI snonsd JOLIVO sete; 
| . “ “Lj c ‘vaedudiq sipury** ‘wupeg sensey:)! 
cfmat ‘sea : Pe tumo | l ‘ at 
oe <ig: [2ae mow, -adumnusy wpanosity § “HqvOME 40 "HAA, @ 
i : 11 @ 
spo neem 9 “ArensqeJ} Jaquiaaon “eaxlIs taneny) “ ba! 5 
| $ | ‘gasIp saqjUBsOqOL Le . qnaqngd' Sg 
‘ , ; ae (pmo§ (| ¢ 
: . oe ‘4snsny WV nso soqyuUsONoI ' aywas) epuayiyg) | 3 
a ee ii 
-19UI909(] ing! — «“ Byes “WULEXEUL anki oopny pases: 3 
| 
*sBTE é ‘ 
ee ju ty “Srwnaqag SnUliss1{Hu pean (aequinons) 14834! 
‘ Laden! “ABT | } 
" MUP A Ipae sue! @ judy ie ae ; Acoquensee) ie 
“<n fi yady} ‘weyoyy S = ‘ojaur sTummony:** ‘(uojem) iy : 
‘unyod | “key | .; ‘(oy 
udy} *Areniqe,7" eyogtgpae judy "AIBILIQS a ‘SUBS UA aes i ~O1-3949m) enqivy 


F, fanusp! = *Sjug| | *eaayureo pani - Carydamg) 3g 
‘suvapfoy wiuBMlayey] + ‘n3aeyq mnyyoo,| 


{ 
qudy) -Arauve dyaugZog) ‘Lreniqaq saquiagdeg Peri saupion “+ Sosaeqor, 


Neen ina 
*galdg 
¥ soond 





“~em01aSl 
Gav #008 








“I t . cgddoa 


BEBO BEE) “HMB 49 PAON! ccomrayraumos aeavdeg 


886 ' SELLING TIMBER IN THE HIMALAYAS. 


No. XXXVIITI. 





FELLING TIMBER IN THE HIMALAYAS. 
[ Vide Plates Nos. XXXI, XXXI1.] 


By Geonce Peturw Pavt, C.E., Timber Agent to the Contractors for 
the Delhi Railway. 


* 
[Nore sy Eprror. | 


Tux following extracts are taken from an interesting book written (and 
published for private circulation) by an Engineer, who has devoted five 
years to felling trees, and launching logs from the pine forests of the 
Himalayas bordering on the river Sutlej. Althongh many individuals 
have conducted similar operations in this country, scarcely any have as yet 
recorded and published their experience, giving the actual details of the 
work carried out by them. The record of failures and successes, of diffi- 
culties encountered and overcome, and of the varied details of foresters’ 
work in the Himalaya, (or elsewhere,) would be useful, not only to forest 
conservancy officers, timber agents, &c.; but to the engineering profes- 
_sion at large, whose members are occasionally liable to have work of a 
similar nature devolving upon them in connection with road-making, 
bridge building, &c., in mountainous and wooded countries, The book from 
which these extracts are taken is far too large to be reproduced in extenso 
in this publication, nor indeed is all its matter exactly snited to the special 
| scope of an Engineering Journal: but the portions selected will give a 
general idea of the nature and style of the work, and the insertion of this 
article in the “ Professional Papers on Indian Engineering,” may induce 
‘othere familiar with the subject to furnish records of their experience of 
the Engineering operations connected with timber felling and transport. 
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 Titroductory Remarks.—In 1865, stocks of deodar timber in the depots 
ot the various rivers of the Punjab had become so scarce, and the prin- 
cipal sources (forests of the Chenab and Ravee rivers) from whence it had 
for many years previously been supplied, had been so mach exhausted, 
that for fear-of the utter annihilation of such forests, strict orders had 
been issued by the Government to stay further fellings; and as our 
requirements for sleepers especially, and wood generally, were on such a 
large ecale, and as I-saw no other prospect of obtaining anything approach- 
ing our wants, I was induced to suggest to the Firm the advisability 
of ourselves undertaking the cutting and launching of logs in some of the 
Himalayan forests bordering tho Sutlej river, (provided we could obtain 
the sanction of Government) and floating them down to Phillour, close to 
which place the line of railway passed. 

Not until the early part of 1866 did an opportunity present itself 
for carrying out this idea, when (the late) Mr. M. Ter Arratoon made us 
an offer of 8,000 Deodar trees situated in the Koonawar sub-division 
of Bussshir, of which by some meang or other he had become pos- 


Preliminaries being arranged, I started from the plains in the begin- 
ning of May 1866, reaching the scene of my future labors towards the end 


of the month. 
i 


Locality of the Scene of Operations.—The forests in which I was per- 
mitted to fell—seven in number—viz., Sapyi1, Koomxoomuz, Kowat, 
Joompan, Painua, JANEr and Raunt, are situated in the sub-division of 
Rasgeemee, District of Koonawar, (quasi-independent) territory of Bus- 
sahir, in latitude 31° 304’, longitude 78° 13’, distant about 180 miles 
from Simla, in an easterly direction, on the left hand side of the valley 
formed by the river Sutlej, which here careers along with mad impetu- 
osity between two ranges of mountains, whose cloud-capped summits are 
mostly about fiftgen thousand fect above the level of the sea, although 
, ome of these giants tower up to 18,000 and 21,000 fect, notably those 
of the Raldang Range, whose principal peak, called Kylass, reaches the 
latter height. 

The region is rngged in the extreme; the culturable portion of the 
valley being not more than from seven to nine miles wide, and then only 
in patches. where the nature of the hill sides allow of such a proceeding. 
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The principal features of the country are deep worn valleys, sometimes. 
natrow; anon spreading out, always more or less rocky, divided by mighty. | 
spurs, and rapid torrents: precipitous mountains, the tops of whose vast — 
chains are veiled in everlasting snow, forming the watershed line of the 
innumerable streams which issue from their sides, and from whose drainage | 
they are fed: inaccessible crags, and almost impenetrable forests of pines, . 
oaks, and birches. | 
The only means of communication with the outer world was by the 
Hindoostan and Tibet road, whose average width of 7 feet only allowed 
mules being used as the method of transport, and even this road was not 
available for our purposes the whole way, as it quitted the left and crossed 
to the right bank of the river Sutlej at Wangtu, just twelve miles short 
of the scene of our operations. From that point there were no means of 
communication, but a hill track in every respect both bad and dangerous. 


Labor.—The State of Bussahir is very well populated, and there is no 
lack of labor, if it can only be induced to.come forward for work; but 
the men, as a rule, are so thoroughly lazy, that it is only to obtain just 
sufficient to pay their taxes to the Rajah and Wuzeers that they come for 
employment. 

However, as the timber was urgently required to prevent any delay in 
the opening of the railway, I gad to make arrangements for importing la- 
borers from the adjacent territories, and with the help of the “ necessary 
advances" I was fairly successful. 

These “ foreign ” laborers came from Kooloo, Kangra and Koteghur 
in British territory, and the (quasi) independant States of Mandee, 
Gurhwal, Chamba, as well as from the Chooara Division of Bussehir, all 
access to these places being across snowy passes. The men of Kooloo, 
Kangra and Chamba are a stalwart race, and in appearance a much more 
manly looking set of beings than the generality of the Hill races, although. 
they too require the usual amount of driving to keep thgm at their tasks. 
They used to arrive in May, or as coon as the passes were open, and left 
again about the end of October, just before the passes were closed. The 
Busgahirees of the Koonawur, Pandra-Bis and Athara-Bis districts, used 
to work all the year round, as, in spite of snow and frost, operations (after 
the first season this was done) were carried on in winter, as well as sum-. 
mer, to enable timber to be launched as speedily as possible. For weeks I 
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inves Wrorked in & foot of snow with the thermometer below freezing point 
ab extricating logs from the forests and putting them into the river. 
Frou personal observations of the different races I have bad at sun- 
dry tdinen in employment, I am inclined to look upon the Chamba men, 
ahd’ Koomawdrecs, as the most honest, while the people of Chooara 
and Gurhwal, particularly the latter, are the most arrant rascals I 
know, 


Provisions.—-The inhabitants of Koonawur grow but barely enfftelent 
grain for their own consumption, and no supplies of food for miy ita 
yiécted laborers were obtainable near the scene of operations ; I had there- 
fore ta bring everything wp from tho lower hills, (principally from the 
British territory of Kooloo opposite Rampore), an average distance of 
70 miles, It had all to be carried on the backs of mules, sheep or goate, 
as no other means of transit were available; and when I add that there 
were occasions when from 400 to 500 mouths (nearly a regiment) were 
dépendent on me for their actual daily feeding, some idea of my anxieties 
on that‘score may be inferred. The least break down in the commissariat 
arrangements, and starvation stared them in the face, and their dispersion 
would be the inevitable result of such an occurrence. I took every pre- 
cattion I could to guard against such a contingency, by endeavouring to 
accumulate a reserve; but for the first three seasons everything was con- 
sumed nearly simultaneously with its arrival, and I had great diffeulty 
in laying up sufficient supplies for the winter months, during whieh 
period mules atid such like beasts of burden cannot travel up into these 
regions, 

The following tabular statement will show the annual consumption of 
provisions, from which some idea will be formed of the labor that this 
entailed upon me. Lalla Golab Sing, treasurer to the Hill Roads Division, 
Simla, was my, principal grain contractor throughout, and I here bear 
testimony to the able manner in which he and his subordinates performed 
their work. 
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"pate ¥. Prages tn the Forests.—These er were high, buf as. 
“hes pieng ‘of my operations was so far away from any centre of labor, 
= ‘the destnccs* ‘of’ importéd provisions rendered it necessary to hold out 

“ good indneement to obtain workmen, for, otherwise, it would not-have . 
, been worth their while coming very far. But the wages are at least 25 
. per’: éent,. “bigher than the Government need pay in fature with regular 
otk carzied on in the manner proposed under the suggestions for the 
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PROVISIONS. a. 


Flour, per maund, .. wi ee os 6 = 86 O3°O, 
oe (Issued out at Rs. 5 per maund), 
(Portions purchased at Rs, 3-8, 4, and 5, per maund). | ae A 
Goor ‘Conrefined produce of sugar cane), a - oe te og 7% 
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fe gist. although he loses 6 days of wages, yet is he better off by... 
12, anwas at the end of the month by bringing his flour from his ows: 
hotise.’ , 

ae sudosvoured t té introduce Man gold Wurzel (Beta Campestris) amonget , 
thi, villagers as @ beneficial crop for their cattle, to be stored for winter 
THO; and although, they fully appreciated the advantages to be derived 
froth’ its saltivation, still the question, “‘ what would be the tax on if, a8... 
| $04 8 .it waa found to be of use?” prevented its adoption. noe 

‘It was the same-with the sun-fower (Helianthus annuum). Although 
admitting it would be of great service and profitable to rear, yet “ what 
wotild be the new exaction” interfered with me in this attempt to benefit | 
the people, Yet these two plants would prove of the utmost value ip. 
every resport, particularly the former, which would greatly assist in pres’. 
venting the cattle from dying of starvation in winter, as they now da. ; 


aid Rotid.—From the impracticable nature of the hill paths on the |’ 
left ‘bank of the Sutle) beyond Wangtu, it was utterly impossible for laden 
mules to reach the scene of the operations. Thus, in order to be able te. 
" compey ithe : aprovisions to some spot that would be tolerably cntrialy 
stata. for aa ‘work-people, and where I could ‘accumulate and keep a. 






. ai 44 rr IT could net have fed my imported laborers. . 
ik alighemes y etolding ‘the worst precipices as tivch as'posaibie, 
iat a: Argh 1867 gent tin tarh’ the first 26d, although a" s 






gn ratte rtee ‘tw Shee erased, 

"tal hi ost tke face tl tht Nora ooo w ia peel. 
for laden mules into Ramni (62 miles from Wangta); in September 4868, 
| and unto Kilba, by a temporary expedient over. the Janee £7 ciple (74 
-Tniles from Ramni junction) in April 1869, and Snished. thranghont. 
July of, the latter year, having occupied 28 months j in its actual: consi 
tion. Considering the natural difficulties. of making. a. re 
mountainous country, it may be said that it was expeditiously bail, The 
width wag six feet. Three mural precipices of. granite, rock hed. Ae. he 
blasted throngh, ‘and innumerable small rocks had to be. -firour promted, . 
walling and filling in more or less had to -be done, together ith, three 
bridges. spanning thet number of torrents. The cost, incluting. Jabor, 
blasting powder and materials, but without any allowance for superyigion, 
“bo, was Rs. 82, 500. 
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’ Provision’ Stores.—TIwo were built both being ‘cied to enable’ tro 
‘keep the provisions required to feed the imported Inborers, © 7°74 

' One was situated at Kilba, the head-quarters of the work; ‘aad ‘there- 
fore'the largest, as it had to supply the laborers working 4s thé. Bap, 
Koomkoomee, Kunai, Joompan and Phinla Forests; thé other at Reims, 
for the use of the men employed in that forest and the adjoining ‘o1is" of 
Janee, In addition to the foregoing, a powder house was built et“ Kilbs. 
This was an old cave built up on three sides with rotigh stones, the'forth 
being a portion of the rock forming the cave. 


ples 


+, Bungalows,—Three were built one being over the Kilbs store sOvbecsby 
the. same roof answered for the two); the second at- Ranimi,; erected at 
“one ‘end of the store there. These were for our use’in the hills ;.t6 whivh 
SX may add that at the permanent camping grognds of Lingnay, sad: qt 
‘the mouth of the Phinla Khud, afew huta for servants were odastracted. 
The third one was at Pulhan, in the plains the ——— ef: ‘the 
——e and rafting operations. we 4 


. 


* Gash —I made & very satisfactory arrangement with | a ‘naive, “banker, ; 
| ‘ ‘by which hé agreed to remit me all monies required for ‘disbure ape _ 
the forests, at a commission rate of 14 per gent., taking upon himael a 

and. responsibilities from accidents or robberies that might, happen. 
"in transit from the Bank to our Safe, thus avoiding. any chang of Jonsqn 


dat ‘part, Considering that it had to come 184 miles on men's ‘cl, 
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| e * BE rad of dwibiedting loge from the forests. —Beforé ini tik’ 
cretion: a ‘will brietly allude to the primitive mode. ‘Promising ' that the 








vei “éf thie Pine Forest tracts ate situated in the territories: of 
‘tie! Si una 'jee bordering our frontier, the process of obtait- 
isis (Ch4gp)‘ was very simple, and tmercly consisted in ‘giving a 





ap 
couple’ of haiidfuts of | rupees to the rulers, and allowing a certain amount 
oF “pil Oh” to trickle down. ‘amongst the officials of the Court, LG 
‘Bottle’ of biatay has ‘been a good perstiader before now), when ‘permis- 
‘ston ad at Olida ‘accorded to commence operations. —_ 
“ops opebator Would then proceed with a gang of men to the scene of his 
fuimre labors, and fell whatever trees he chose, how and wheré he liked 
(ther: being no supervision, he could do as he pleased) from May to 
October in any one ‘season, that being the period for which the honorarium 
he had given, was supposed to count. His.sole anxiety was to launch every- 
Shing lig..had felled, as more than likely somebody else might obtgin‘a 
“ permit the following year to fell and launch in the same forest, ‘in whidh 
gase the new comer wonld be sure to appropriate any of the logs of-kis 
predeorssor remaining over from the previous season, even though. id 
night have the first comer’s marks. 
- As. régards the method adopted for sliding the oe into the river, no 
effort beyond allowing the logs to form their own track, and smooth it 
themevives in their downwards passage was attempted, and it was sinply 
\@ question which was strongest, wood or stone. Yet so long as not mote 
pa OO percent, of breakages occurred, timber traders realized a fair 
“prbliy faut yore satisfied. That this excess of loss is not exaggerated, 
the xeutsins of the innumerable broken pieces now lying in the old slides 
: iQ) ‘@f thone. days bear. silent testimony. 
‘Yet not all timber merchants were so short-sighted as not to, see: and 
“ aitderstand the advisability of improving od slides in their worst parts. 
iy Yate "Ms. M, Ler Arratoon made a small trial in this respect, but it 
) a et ut without any attempt at method « or se aa and wis 
| “heedeeles AOv-OF great benefit. 
Re nas Sais kit itemonstrated how the extrication of logs can be flected With 
: k af oven. with my’ noocesaeily rough and. inout 
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Above i is a aesish of the marks I adopted for the recognition 6 oar i 


on arrival in the plains. ee 
The figures on the left denote the forest number of the tree, sad wore 
‘eonpeoutive from 1 to 8,000, our limit for felling : they also corresponded 
ei the Figures on the stumps. ae 


og The letters i in the centre of each log stand for the nie wie the ‘Piews 
ey,Wythes and Henfrey. - rent ‘hoa | 









felts “rg? 
oo pathe figures on the right denote the number of the — one pats 


eing with No. 1. 
The above were cut into the sap-wood with an ordinary ar, and oe 
Seow or three half-pence, for each log. ee rs 
the ‘sawn ecantlings from Ramni had the initials ‘of the Spm. tent | 
; ‘iv oa ‘their four sides. © Tetchae welt apie Watceas 
— Mark for the Sawn Scantlings, ee 
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wreeaes domaihnse ab once cleared of its branches, and then divided -af 


hitnosges.te our operations in this respest.; vere On %. 





into logs ;.. the. paces had the figures and letters comprising our. mark, 
drawn’ on them by means of charcoal or chalk, and the men set to work to 
out: them ia. * ; Every log waa at the same time entered in a book, of which 
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not well be. cheated j in paying for more felling, clearing, marking, ot eg. e 

ity i ii any one forest, than what our books showed. Four natives were. 

wall broken into this work, and their returns taken daily, and as we ware. 

puoged about the forests, we tested the numbers frequently and slmsys: 
ee ee also the measurements of the dimensions. 
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ee ee .. 2,505 to2,902 = 898 
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tea "ee ee 3,669 ‘to 6,426 ‘= &,758 Ave, 
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Working Operations Sapni Forest. —This forest { situated on ‘the ‘enat 
side of the spur which rons towards the junction of the Buepa and Sutlej 
rivers,) although s few years back almost impenetrable, is now Dare of 
trees; the cause—e fire that occurred about seven years ago deatroy- 
ing the whole of the lower portion, and leaving but a wreck above. It 
is now trying to recover itself, and the :natural reproduction is very 
good ‘where allowed proper action, but no benefit will ever acerue to this 
or any other one of the forests until properly enclosed, Primarily, ‘each 
of the paths leading from one village to another, or to. their outlying 
hamlets, require fencing on either side, leaving, say, a space 10-feet -be- 
tween for the passage of goats, sheep, &c., after which attention should be 

_tarned to demarcating the upper and lower boundaries. A little jadicious 
thinning amongst the younger conifere, and clearing away of scrub to 
prevent their being choked, is advisable. There are also a number of 
standing dry, and partially burnt trees, and others that have fallen from the 
action of wind or snow, these should all be removed to the river: at present 
they are-but so much additional food for fire, should such again happen. 

- Besides they (the two former) attract lightning, and are dangeroas 
from that cause. All the refuse wood should also be gathered together 
and sent down to the river; it would be useful in the plains for firewood, 
“vould cover its own expenses, and would be une element Jess for ignition. 
Thé soil i is-a very deep rich humus, the collection of centuries of. fallen 

Wives, overlaying gneissoid granite rock. The general slope ig about an 
angle of 85° in the lower portion, higher up it becomes less : the aspect 
is almost due east. But very few Kelmung trees now remain for ‘felling, 
although they can be supplemented by the Rai and — which are — 

| bgt in the upper portions of the forest. ; 

» She trees marked over to us in this forest were so few i in wcities, that 
I could not go to great expense for building intercepting walls,.se I 
-oontanbed myself with constructing a couple.of small reugh ones at: the 
two: worst places in the slides, just sufficient to give the logs.a tum into 
“taro hollows, which answered very fairly as natural slides... They also. adted. 
* pounting places, as the logs once past them went direct-into the.2wite | 

Buapa. The 2 toga being collected on. these walls, and notice being given, 
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) wonld: go and count them, exemiag the. es and 
then: cine de -ovder todaonch them into the water. However, to.be quite 
sure that none were left in the slides, a foot-path zig-zagged down their 
sides ‘affording peeps of them throughout, and it was. not until a second 

: visit had been made to the counting place, and a trip ‘down the footpath 
"undertaken to see that every log was in the water, that any settlement of 
account could take place; thus ensuring that no rascalities such as. burying 
or hiding any of the logs could occur. 

‘The following statement will show the cost of putting the logs into the 

river, and their out-turn. The greater portion of them were cut long, i. ¢., 
from 28 to 25 feet. ; 
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» Marking trees, Pe “a a es 8 13 
‘ "Falling and clearing trees, and marking ond sawing logs, .. 620 18 
Making slides and building two aia ies walls aggregat- 


ing 350 lineal feet, as -. 471 15 O 
Compensation to villages for scobi deetroyed: es oe 88 8 6 
Launching ‘logs, ve ee ds ‘is -- 1,882 o 3 0 
es ea Total Rs, .. 2,867 8 3 





This forest contained 199 trees, yielding 458 logs, each averaging 
68°64 oubic feet, or a total of 31,487 cubic feet, the cost therefore (for | 
Jsbor only, and without any charges for establishment, &c.,) is Re. 14-6-6 
per tree, Rs. 6-4-2 per log, Ke. 0-1-5§ per cubic foot. If to the forego- 
ing we add the proportion due for supervision, &c., at Rs. 84-18-5 
per tree, Rs. 11-4-0 per log, Re. 0-5-0 per cubic foot,*-we shall. kaye 
the actual expenditure at Rs. 49-3-11 per tree, Rs. 17-8-2 per log, ‘Re. 
0-6-5} per cubic “foot, for extricating timber from this forest. The.cost | 
of catching and rafting the logs in the plains may be safely assumed at Re. 
@-1-113 per cubic foot, inclusive of al) charges for supervision, labor 
and materials. By adding this sum to the total cost of a cubic foot of 
timber in each forest, the exact cost of landing timber at Phillour can be 
readily ascertained in each instance. 

« About two miles of temporary or natural slides, 350 lineal feet of inter-. 
copting walls; and 269 mines (of an average depth of eighteen inches: 
‘euch baste, aig the works for assisting the extrication, of loge 
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Total Trees, 199 


being an average of 8 feet in girth for the trees of this’ forest. A 
logs of 46 logs, equal to 9 per cent., occurred between forest and 
river. , 

The principal implements made use of in these operations are— 

The felling axe, weighing about 4 ths., used for cutting down the trees, 
cleating them of their branches, and other purposes too numerous to men~- 
tion. The cross cut saw for converting the trees into logs. 

Wooden levers, about 6 feet 6 inches long, 8 inches in diameter (out 
from the nearest tree or sapling) with which to move the logs. 


Koomkoomee forest.—Situated on the west side of the spur mentioned 
wnder-the former forest, and to the east of Kunai village. The soil and 

rook differ in no respect from the previous description ; the aspect though 
- 4s north, and the upper portion of the forest is on a steeper slope than 
the lower. The auxiliary pines are tolerably plentiful, and in places they 
appear to be ousting the cedar. Here again defnarcation and peere? are 
greatly required. 

The intercepting arrangements here were more elaborate,’ and. conbisted: 
of 9 wall nearly 1,000 feet in length, ( the width being twenty feet): 50. 
laid out as to cut across the lower portions of the natural slides, and by tts 
means'the logs were conveyed to a certain point, whence they could yeach 
the river with the least damage. But for this they would have'gane, 
wome ‘into a streamlet whence further removal would have Been dificals, 
and eocastonsd great delay in their after progress to the river, and: ythets: 

over an earthen precipice with plenty of ie boulders. sent stout: ite +e, 
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“ei ‘whiskies dost in iste fight ‘wonld have atiick, and the gtenter. por. i 
Son bioragheahed. “The couhting place was on 9 sinsll plateau, quite at the - 
= bain: only 40 feet above the Sutlej. Here the logs were collected 
| fee latinobiig, go that in this instance there was no fear of paying for any 
--ddiatdid. not. go into the tiver: thus from the sure and certain testiraony 
4 of! iny Exiropean assistants, or of my own eyesight, do I know that every: 
‘og -votinrned ‘aa launched has been seen to take its plunge into the water; 
: tio: sipae. dizit of a native has been here, or elsewhere, necessary for =“ ry 
purpose. . - 

The following statements will stow the cost of putting the logs into sie vo 
_ Fiver and their ont-turn; the greater portion of them were cut slightly over — 
| 15 fet in length to be available for bridge purposes. 





BS, A. P. 
Macking tos, rT re ae ee 10 8 0 


Feiling and clearing trees, and marking sai sawing logs, .. 1,178 4 7 
Making elides and building intercepting wall, 1,000 lincal feet, 1,265 15 4 
. Compensation to villagers for crops destroyed, .. . 12614 0 
Launching logs, -_ ‘ or se .. 8148 4 0 


we~mesnraaed ~ooramane 


Total Rs, .. 5,729 13 11 


‘This forest contained 398 trees, yiclding 1,816 logs, each averaging 
' $480 cubic feet, or a total of 68,196 enbic fect, the cost therefore (for 
labor only, and without any charges for establishment, &c.,) was Re. 
14-6-4 per tree, Rs. 3-2-5 per log, Re. 0-1-5} per cubic foot. 
If to the foregoing we add (as before) the proportion due for eupervi- 
sion, seigniorage, &e., Rs. 84-18-5 per tree, Rs. 11-4-0 per log, Re. 
0-5-0 per cubic foot, we shall have the actual expenditure at Rs. 49-3-9 
per tree, Rs. 14-6-5 per Jog, Re. 0-6-54 per cubic foot, for extricating 
“timber from this forest. A loss of 27 logs, equal to 14 per cent., occur- 
red between forest and river. 
_ About'$'miles of natural slides, 1,000 lineal feet of intercepting wall, 
| tid 964: mines (of an average depth of eighteen inches each) blasted, — 
_ poinprieed the Works for assisting the extrication of logs from this forest. 


oe ‘Joumpan Forest-—A distance of 2} miles as the crow flies, and five by 


:. ‘the path, sbparated this forest from the former three, It is situated on 


a ‘pats tides: of the ‘spur that diy ides the Halabgar stream (popularly iknow : 


en “oe petting re ee ail simataras. 
we thie Joompan Khud) from the ‘Sdeeling- stroata {likewise eters: ae. aa 
| Phinla Kbud),.. This was a virgin forest in every sense.of. die word,’ 
it having been protected from the presence of ordinary timber traders M: 
the rocky nature of the lower portion, rendering the removal of, ‘timber, 
in their non-professional eyes, so extremely improbable, that none. ‘of {hem 
had ever even dreamt of making the experiment. cae 
In this forest I had to construct eight long intercepting ‘atts to ee 
vent the logs being broken or getting into inaccessible places; five ‘of 
. them were in the east forest, and aggregated 4,020 feet in length, while . 
‘the ‘thres in the western portion amounted to 670 lineal feet ;. into-these 
‘ «dozens of natural slides opened, and a tolerable constant rush of logs has 
- pphissed over them. The eastern ones were all led to the only available 
point that offered itself for continuing their course to the river, by ; atiize. 
ing the bed of the IIalabgar stream for a short distance from its mouth, 
by filling it up with stones, and levelling it as well as I could by blesting 
out the large rocks, and then rough pitching it; the approach to it being 
an earthen slide (in continuation of a short wooden one) from which 
large pieces of rock and stones were always escaping, caused by the pas- 
sage down of the logs wearing away the earthen support from under 
them, and requiring constant attention in mining out projecting stones, 
or smash would go the logs. In fact all the breakages in the’ forests 
happen in the lower third part of the route, where the face of the country 
is so rocky and stcep; the upper two-thirds being generally well coated 
with mould and the slope more favourable, accidents but rarely happen. 
The bed of the stream was a constant source of worry as it could not be 
maintained i in a permanent state of repair, from the water disarranging, 
by its force, our attempts at keeping up a fairly even surface, and parti- 
cnlarly during the height of the rainy season was this the case. bust 
year (end of July), owing to a delay in bringing some logs to the counting » 
blaze, the annual flood came down and carried off 800 logs at one: swoop. 
Bome of the mountain torrents are subject to this, and woe betide every- 
thing that may be within its influence. I have known Koonoh:trees; 
four feet in diameter, torn up and carried, roots, branches, and il,’ its 
the Batlej. During two or three spare intervals, of a few days each only 
that ocurred in the passing of the logs down the intercepting ‘wile, 4 
managed to put in two wooden shoots of ‘the above’ attera, ‘and the'tiaie: 
Saad saved, —_ they were only so small, was iinmehse.” “¥ ably: wit 
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teady, and the men so eager not to be delayed, (doing so might have 
ast future labor,) that but three opportunities offered either for lengthen- 
ng or building new ones, aud of these I need hardly say I availed myself, 
Che cost per cubic foot calculated similarly to those previously given in 
betail, amounted to Re, 0-6-10% per cubic foot. The sketch of the cross- 
ection of the Phinla Khud (vide page 406), will give an idea of the sides 
if the Halahgar stream, as they differed but slightly, and that only close to 
he Butlej, the former running gently down to its edge, while the latter 
was some 80 feet above it; here also was the counting place, thus no 
shesting could eccur. 

The expenditure for this forest was heavy, but spread over the very large 
anmber.of logs that had to come out, the proportion is not so very much 
proater 1 than.in the others ; and without the accessories of the intercepting 
walle, X feel. confident that not 30 per cent. of whole logs could ever hays. 
reached the river, and the greater number of those would have been. 
#0 tunch shaken, that on being sawn up, they would have been found anfit{. 
vik for: may. purposes requiring strength. Tho logs were all cut to sleeper 
kee, toe shout, 11 feet... The cost per cubic, foot, calculated sisailerly 


+ 


aay. FELLING TOMA IF GHB IMALAT AM. 


t those previously given in detail, amonnte to Re. 0-6-1023 for the out 
tym of this forest. 


Phinla Forest.—Sitaated on the eaet flank of the spar which meets tip 
Bittle} near the mouth of, and separated from the previous forent ty, dle 
Sdecting wiream (commonly known asthe Phinla Khud.) In comeathont 
with these forests of the Himalayas it is a noteworthy circamstancethet’ 
nearly all the best timber and straightest trees grow -om old ‘terunce 
otipginally made for cultivation. From particulars that 1 hare glassed, 
it appears that, somewhere between 150 and 200 years ago, sn opidemie: 
visited the country, and carried oft nearly all the inhabitenta;s in: some 
of the villages only one family out of 15 or 20 escaping! The pupula- 
tion being thus so greatly reduced, cultivation could only be varried op 
over a limited area of tho arable lands that had, previous to that evest 
een tilled by the community, the remainder would, therefore, in the 
regular course of things, return to ites natural state, and thus in 
the course of years the forests gradually but surely spread themselves 
aver the folds and terraces as wo nuw sce them, I am inclined to believe 
that pine forests more or less dense have exiated in these hills from time 
immemorial, and as the seeds retain vitality for a long time when bacied, 
in their mother earth, might they not have sprouted when. no longer 
disturbed by the plough? When once a pine forest hag taken posees« 
sion of a place, 1 feel certain it can never ba eradicated (continual Gxgd, 
passing over its site always excepted). The ground becomen 99 gadaw 
rated with seed, that although it may be cleared and turped prer, again. 
and again, yet when left only for a few years, a new forest wil] commence 
to be formed. There are many parts of these forests where, if merely 
hoed just sufficiently to loosen the soil, a most satisfactory resals wands, 
ensue: a pick-axe used in like manner would also answer, Myo 
tions of the various natural slides lead me to this belief, as aller a goal, 
eourse of ploughing up from the logs rolling and bumping over them dae 
taken plese, if the slide is not touched for sometime ting conifenmpsign 
thvit heads. In one or two instances, logs have sgain passed aver ath 
crushed end qcattered these incipient firs, totally changing she gantang af 
the earth, when Jo, after another reat, other little fellows here puequiad. 
up, ond it is upon thig circumstance that I conclude that the 801 OF Agi, 
forest becomes eo impregnated, thet natural reproduction, Salnnra Rafi 
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matter of pours, if rest i is 5 allowed, accompanied by ethoronugh ayetoin of 
. fencing and enclosure to keep out flocks and herds. The auxillaty firs 
| ‘ave here in fair numbers, with the addition of the epan which ia in great 
’ abundance near the upper limits of the deodar. The aspect is, north- “ 
eanh; the soil very good, thin at the top, but increasing in depth sbout 
half way down, overlying granite. The slope is very steep in every dirto-.’ 
‘tion : from 85° to 40° being about the angle of inclination. 

- Here again intercepting walls were indispensable to prevent the: lose 
from: getting .into inextricable positions owing to the necessity of bring- | 
- ing the Joompan west forest logs into the same outlet-as the Phinls 
ones ;-and-in order to economize time and labor as much as possible, I 
was obliged to utilize the Sdeeling stream from about one-third of its 
distance up, Thongk the result was disappointing in every way, very 
expensive, and the sotrce of after delays in the launching operations, yet 
' these osuses were quite counterbalanced by the celerity with which I could 
open out a rough communication between forest and river (was I not work. 
ing against time, and was not the wood urgently required in the plains ? ) 
improving it afterwards as time and opportunities offered. It is quite 
trae that I could have continued the intercepting wall across the spur in-. 
id anatural slide in the adjoining forestof Punung (A to B, piate XXXII. )s 
but the delay in Average Cross section of the Phinla Khud. 

‘eonastracting itin- % 
_. duced me to over- ; 
- look ite otherwise 
many advantages, 
aad to give it up 
However, as time 
wore on, we blaat- 
ed out projecting 
rocks, and ‘built 
| catching walls at - 
itivervala’ in “the 
-Bdesting stream; 
(ao that atdnst it | 
popes thi'ap- — sopscrancs Z ayior Siting tn, 
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i ea ties, length-and crosswise, ballasted with large poulders< the. 
narrower portions of the stream had to be filled up to a width of 18 - 

feet. In places wooden ways 
bolted to strong cross timbers 
(as in sketch), were laid down 
to expedite the passage of the 
logs: rough pitching every- 
where had to be done, Hach 
summer season required fresh . 
attentions of like nature, as 
the body of water being then 
increased by the melting of 
the snow, it attained. sufficient 
strength to dislodge some of the. 
smaller boulders. Occasionally 
the current would change from 
one side to the other, when, 
after a certain time, displace- 
ment of rocks would ensue, 
blocking up part or the whole 
of the roadway, then new pro- 
jections would crop up requir- 
ing smoothing down to prevent interference with the logs. If these 
matters were not promptly attended to, the contract gangs would desert, 
and their reports of the difficulties and delays they had incurred would. 
deter others from coming to the works. A reference to the sketch 
of the slides of this, and the west Joompan forest, will show that the 
bed of the torrent was the only means of exit, unless I had made two 
long additional intercepting walls (A to B, C to D, plate XXXIT.,) one. 
for each forest, and the delay and exponse attendent on their construction 
did not, I considered, warrant my doing so. This forest had likewise 
_mever been previously felled in; it too had been protected by the rocky 
nature of the ground at its lower portion, and thus it was left to me to 
‘aolve the question, ‘‘is extrication possible or not?” The breakage here 
was greatest of all, partly from having to use the stream, the water. 
rendering the logs so slippery, that when once started, there was no per- 
tainty as to their aftermoyements : # projecting knob of stone might give’ 
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tise a turn into a-direction they ought not to take, when a flight would 

ensus, the result being a smash. However the principal ‘damage was 
cansed by a landslip in February 1870, which coming down with great | 
impetus on a large collection of logs (from the previous season’s work in 
the forest) buried them, and injured more or less the thinner ones: never- 
‘theless with the exception of about 100, all have been extricated and 
‘launched during the past year. This performance gave me much labor, 
and caused delay to other parts of the work. A principal hindrance arose 
also from the fact of the laborers not relishing the idea of workings in 
the water; it was not until daily work became scarce in the other forests 
that men could be induced to come here. 

The cost of moving out timber from this forest was Re. 0-7-5} per 
cubic foot. The loss before reaching the river may be assumed at one- 
fifth : the two causes of this excessive damage have already been detailed, 
and therefore it is obvious that extricating logs vid a mountain torrent 
is a mistake, and should never be attempted again. 


The Ramni Forest.—Is situated two miles up the valley of the Melgard, 
being divided from the Janee forest by the east flank of the spur that runs 
down to the Sutlej. From its locality no one had ever dreamt of looking 
at it; and the inhabitants unanimuusly recorded their conviction that not 
a cubic inch of timber could ever come out of it. Its position was such, 
that without a large outlay for roads communicating with the Sutlej, not 
a stick of timber, whether round or squared, could ever be got out of it, 
in fact the time had not arrived for atilizing forests of this description 
placed so far away from the main river. 

The Ramni forest is a magnificient one, and contaius even now over 
2,000 available cedar trees, besides immense tracts of auxiliary firs. 
Oaks-—(Mohru) 9 to 12 feet in girth, and 70 to 80 feet high, abound, and 
here are deciduous trees in great numbers, amongst the latter may be men- 
tioned Shko, Koonch, Laur, Kakkar, Kashin, Soah, and many others, all 
really useful trees for various purposes, particularly so for furniture, but 
which, from their specific gravity being too great for floating, cannot at’ 
present be utilized, as there is no means as yet available for transporting 
them to any market where any reasonable return could be obtained to 
"cover the cost of carriage. The western part of the forest is gradually . 
being burned away, accidental (?) fires gre of annual occurrence, doithtless 
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°gxiatente Soy tho purpose of chteining good Ty 
Wad bends, “By simply fixing the grass shove the ‘limita:of, arkerbscent.- 
' Negetation no harm could scerue, as the, blade. qvould. not descend, wat. i 
(Ganges from this source would be removed, while the extra distanee forthe. of 
. Nyame take their sheep and goats is nat worth mentioning ¢. & saving of j 
from: three weeks to a month in the epring time in. obtaining: ‘freak, ‘grace 
grass is the real cause of these fires. ‘The old erop is burnt of: the heeg.of oe 
' the ground, and the new soon sprouts up, affording early pasturage to ‘the © 
cattle; but.for this arrangement the villagers would have to lay up a eny- | 
ply of. fodder sufficient to carry them over that period, and this cansiong cs 
‘them exertion, is objectionable, the more so when the remedy is so" handy, - 
"While, on this subject, I think I must give expression to a theory J. hayo 7 
farmed. as ta the reason why the southern slopes of these mountains aré.so, _ 
_ ‘yery pave; and that is because they have been more continuously resided 
upon, from the fact of their aspect being south, and therefore warmer.than. 
the apposite slopes, which have a northern aspect. The usual fires have of 
course annually happened, and these by degrees have slowly but snrely, ex~. 
terminated nearly everything but grass. I may add that the epidemic, . 
mentioned (at page 404 of this report) does, not appear to-have oroabed. 
over'to that side. The aspect of this forest is both north-east and: north 
west, the soil deep and good, overlying granite, gneissoid and quartzoze- | 
rocks, with the glittering mica and mica slate scattered in places. . The. | 
-slope in the eastern portion is about 80°, while opposite it is nearer 40°,: 
’ Phore are several level spots about the little valley, evidently formed. from: 
- Anpdalips at some former period. Sete 

. As a last resource, I had to decide upon building roads, sawing up. the | 
- Jogs into sleepers and beams, and transporting them out on carts. = 

When manual labor is employed it is very disadvantageous to’ gathow . 
“Yoga into. too large collections, as owing to the inequalities and. slope of 
._ tte ground the men cannot work them off fast enough, and sewing: plat. 
' forme are therefore necessary to this end: about 250 legs wag the greag~ 
_ gek paaher we ever got together in any one spot at one time, My ne 
* opinion 4 4a, that conversion into scantlings previous to removal. from, the, 
_ Sprgete. ta ‘mistake in every respect, and causes «. dresdfel weate..of 
‘material in the forest ; and then the hard knocks they, receive in the, : 
Be nt their. way down, renders the greater portion anit for suy.aegfat -*- 
at this I felt tolerably sure beforehand, as I bed hak god ar 
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ny Ym th fow spert'montents we had, we tried to distil sag ott troy 


‘hig tint: ‘deme off the sides of the fogs in converting them into” ‘gcaties 


lings; and the experiment was tolerably successful, and would: have ‘heii. : ; 
étirely no céuld but proper time and attention have been devoted: to: it. ua 


With:a; little more refining, an oil quite equal to Kerosine ‘eotld. be 
obtained : at about ‘half its cost. Up to the point we left off at,’ the 
| expenditare’ was about Rs, 1-8-0 per maand (without refining and inerely 


for’ distilling: the oil from the chips.) The idea here was to try sad 


make s sufficient quantity of it to send to Simla for sale, using ‘the 
taulesthat brought out the provisions for its transport, and ‘thus. by 


giving. the muleteers a return fare Jower the prices of the said provisions: ‘ 


this, and not the hope of making any profit on the oil, was the sole réasdti 


for making the experiment. So many other matters however engaged - 
our ‘attention, that by degrees the matter fell to the ground from want | 


sf ‘opportunity and time to carry it out. The auxiliary firs would yield: 


ati annual supply of tarpentine oil if properly looked after for such § | 


pitpose. A small niche, slightly sloping to one corner, and a tin “ep 
with protruding lip, fixed underneath, would catch all the fluid that those 
trees sould Spare; exhaustion should not be resorted to, but merely of 
ita Bhperwbundance of the flnid should a tree be made to give: the niches 
: should work up spirally round 4 tree (like the worm of a corkscrew) “at 


regtilar age and onty one incision in a tree in one year should = | 


pande. 


“Ta this tecet the expenditure amounted to Rs. 62,260-9-8: had the tig - 
: been removed in similar manner as in other forests, the cost would have. : 


beet Rs 74-5-5: per tree, Bs, 28-11-0 per log, Re. 0-9-8 per cubis foot, 
for’ extricaitiig’ timber from this forest. ‘The natural conclusion’ to Be 





v6 “from, thi: forgoing figures is, that until proper communications até : 
| fist of all: ‘otistracted between the works and the Sutlej, no: attempt ‘tot 


sist ah te ) om froin 1 2 forest similarly situated should over’ "agghiee oh 
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“ pon from the following. table, which shows. the. details of the. Rained | 
am, timber, Jaunched into. 2 the River. 

































12 x11 x«% 11 | 3,074 | 80,996 | 6,148 | Total pieces of scant). ; 
: : lings sawn, caw see sav] * 
19 x11. x 53] 2,889] 11,945 | 9,889 yea 
Mxil xl 1,287 | 15,140 | 2,574 | Total Launched, ... oa 11,868.’ 
4x11 x Bh 739 | 4,846 789 1,286 ° 
#® x11 x 607 | 8,160 | 1,214 | Deduct for 1,110 broken 
ae pieces launched, ... . 555 
16% 11 x 5b] 859] 2,418 859 
1x 1 x 11 838 | 5,112 676 | Leaves for breakage inj 681 
transit from forest menaeenaant 
18 x11 xK «5h 208 | 1,678 208 | river, being equal to an ' 
é average of 5°48 per cent. 
90 x11 x 285 4,789 1,140 
20 x11 x 53] 197] 1,685] 894 
22 K11 x 11 496 9,169 1,984 
23x11 x 53] 306] 2,828 612 
24 x 11 xi 851 | 7,078 | 1,404 | Average contents. :.off 
each piece of sawn scant. 
24. x il x Ba] 210 2,117 420 | lings, 10 cubic feet, | 
% x1 xD 181} 2,861] 524 
ax 41 x Bi] = 69 | otk | 118 | 
sao 11,086 |1,10,826 | 20,908 i : 
— aa to come 
x, ee 882 8,820 628 Meet ee 
i wef = BBB | 4905 | ef : 
-- Pletal... 11,928 |1,19,141 “81,581 | 








Ga each Sleeper will have cost Rs. 2-14-24, while on coat cule rae | 

“stan ‘sai ra titaber has been ‘expended Ra. 0-8-4} merely for, putting’ into: te. 

se a 

Up to ‘the: ‘end of 1870 there had reached Philloar 4,474. whale. song Bs 
: a 1,656 Stolen Pieces ent of 8,08 af ls whl | ‘} koa: shpden: 
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= Suakaye taceer IN THE HIMALAYAS. Sh ae 


of "wieiitting’ Yeunclved (August Sist, 1670,) proving tliat the tier tna 
ouase serious damage to timber in transit, end ina mach erentey in e i 





‘hon than eocurs in bringing it from forest to river. 
Sweeping. the River Sutle.-—This wus an actual necessity for vari vii 


reasong, particalarly ao to try and check the robberies of logs that = eo 
occur. My Assistants, who had the management of this work, hada tnost..’* 


unpleasant time of it, as the whole of the villagers inhabiting the valley 


ou either side of the Sutle} were against them, and put every difficulty ia 


their way to try and prevent them carrying out the work in a propet 


manner. Yet, not only were the villagers against our proceedings in this: 


matter, but likewise the Rajahs through whose territories the river passes. 

The favourite method of obliterating marks, and most ingenious every 
one must admit it to be, is to sodden with water that part’of the log 
where the mark has been cut in, and then to take a good sized stone and 
pound away. Thos gradually the wood is peeled off, leaving not a trace 


to chow how it wae done, or that there had ever been an imprint of any 


- description on any portion of the log. It may be objected that the 


fact of the logs being cross sawn at the ends would deter the people from 7 


touching any of that sort. Nota bit of it. By judiciously chipping one 
end with an axe, and slightly rounding the other, this drawback is at 
once removed, and would afford a spectator the idea that it had comé 
from the forests in that state. The operation is so perfect, that detection 
unless caught in the act—is impossible. These two kinds of deception 
will give some slight notion of the difficulties that lay in our path. I might 
add a third example, which is to run a log up on to one of the numerous 
sand banks that abound in the lower portion of the river, and there bury 
_ it, removing. it at such time or opportunity as might prove best suitable, . 
_ There is no doubt, but that without this sweeping, the greater part of 
the logs that have already reached the plains would not have done so; as 


‘when the river is on the annual decline, great numbers of them get into- 


vee ar 
eas 


«side channels, on.to sand banks, or perched on solitary rocks mid-strenz, . 


‘dnd there they remain until such times as the water again rises sufficient... 
yt fétnove them, _ 4 the meantime they are undergoing a frying: pie 


* gat from this‘rays of the sun, which, shining only op the upper portion. 


ng wher the’ tniderside i is perhaps in the water or on demp ground, cause: : 
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ia] ‘orate in them, raining their value and usefulness... 





"gb Salad by simply ‘ansisting them into the nearest: chase, io" 
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) gion sperviaion, should, aliags ie ‘kept itp fr’ this’ ‘purpoas,”” ee 

Here again we bad to make foot-paths to enablé us ‘to Keep’ sini 
bake ‘of ‘the river as possible. Several miles of them wets satis 
sat Te wordt positions of the route, and whére it Was airy of 
ae to “proceed. along without them. 
They, wete about 18 inches in width. But for theta the pea ofthe 
ae they. were intended to serve, aud where Jogs were found to’ stick in 


Fog tM we 


“ mumbers,, could not have been visited by us. The logs would’ have ‘Bona ' 





on -eollecting, and we should all have wondered what had become df ‘hein. 

_ ‘There are some very bad places in the river, full of large boulders: and: 
- Focks, the worst ones being under the Rusthall and Dippi Forests, blow 
-Berahan, and particularly so at Lakkri Ghat, between Belaspore’ and. 
Nail, and it is here I feel certain that the principal damage to logs - 
happens, It is a mixture of rapid and waterfall, with the: ‘bed below. | 
choked with the debris of ages, and on this the logs are driven. with gach 
_ force, that breakage ensues, and thus do I account for the ‘innumerable. . 
-amall pieces of timber that yearly reach our depéts. The only remedy,’ 
#0 long as the river is to continue to be the mode of transit for thé: Togs, .- 
is to construct adam about acouple of miles up on the Belasporé: sida, and.” 
‘make’ small canal round, rejoining the river a short distance below. Ten 
feet wide and about 7 feet in depth would be quite sufficient to: float the 
jogs down singly. Another plan would be to catch all logs between Dhair 
‘and Searee, and from the latter place make a line of railway (following: ‘the 
fest bank) to Bull for their conveyance past this objectionable rapid, 


’ Catching the logs in the Plains.The arrangements aunde fot. its 

__ purpose extended over a lengthened” “space, (at least 100 miles of fiver 
frontage), so as to allow the logs to be. caught during daylight, te ‘they 
‘ave invisible at night, and it would have been too dangerous te oond. the 
‘geinemen out after dark. To this end there were no less thait 82 cates 
ong stations fixed at different points on the river betwoeh Naila, at ‘the. 
on ‘bend of the Sutlej, and Kurrisnsh, seven miles shove. ‘Phiflout, re 
thas lngt. passing the upper stations during the night would ‘be Sx ‘thin: 
d. of the lower ones. towards daylight, whit thay ‘woeld ‘be’. 
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“patho ain, joa lowers, 80 many traps to catch onr logs. oney, havo. 
been the ‘alginate cause, af great trouble and expense. in: ‘ont 
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dogs fom. ‘their dry beds, an operation which was always: pore 
“towards the end of each season, when the depéta and tlie, iver ‘warp: 
generally cleared, and the results taken down to Phillour loosely, ‘or. in i — 
watts, as occasion served. ‘The river is so low in the winter moriths ‘that ‘ 
Togs cannot float far, as they are certain to be brought up by a sand bank. ae 


: With gn.average gang of men to keep them together, there is no chanoe: 3 

Be their going astray, even if taken down in the former manner. } 
Phe process of catching the logs is to engage, about the month of. 

"Maria certain number of tarroos (men with inflated skins) who wateh - 


~ §- 


“for the logs, a short distance on the upper side of their respective depbta, 
and as'soon as they observe one coming, jump into the water and swim © 
out to it, roll it over to note its mark, and, if it belongs to their employer, 
work it gradually to the catching station where it is landed, and at once 
_ rolled up the bank out of reach of unexpected floods: the same process is - 


_ Tepetited daily throughout the season. As payment is only made on, the” 


po 


logs caught and landed, it may be imagined with what eagerness the ; gangs : 
; “would rival one another in their efforts to catch the logs, the firat ons” 
_ touching it naturally claiming it, and some ludicrous scenes are OtCas | 
sionally enacted by the men in their anxiety to attain their object, “The 
“inflated skin sometimes collapses just as the owner is about to touch a | 
log, and under it he most likely goes, amidst the jeers of his more for- . 
“tate brethren ; however, as the tarroos are all expert swimmers, beyond 
the loss ‘of a log no harm would ensue. To prevent paying twice over for. 
the ‘logs, each had a store number cut into the sapwood. They wetd also . 
‘Hooked ‘somewhat after the style before-mentioned, as being in -use in 
fort thus cheating in this respect could not well occur, ; 
eee ‘rates for labor under this heading were— 


aus “Daily laborers, ve ‘ os 
ae ie | Monthly tarroos (small inflated skins), aa 


: i tae cht " iS Dieyas; Carge ” 9 )s te 


4 


.- Sexpenter, perday, .. ee oe 


i "Clearing knots, pst 100 logs, oe 2 
ae ae ., Paseing loga, per 100, 


mre Cncluding landing and rolling up the bank, ) 


oe ae i iadahag ‘sleepers, per 100, oe! 
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-apting foge from: the Oatshing Stations to the Depot at Phillour —This-. 
is ‘Ge lest scene in the life of a “forest” log, as once arrived at ite destinay 
tion; i its conversion is so speedy, that further separate existence it has.not, 
* #md ‘from thenoeforward enters into the family of useful necessaries for the 
 sonifort of the human race. The rafts generally contain 30 logs, and are 
taken charge of by 2 or 8 men; the time occupied in proceeding from 
Palhan (the head-quarters of the catching and rafting operations, to 
Phillour being nearly a month in the low seasons of the year, although in 
June to August, when the river is in full flood, about 8 to 10 days suffice. - 
The rafts are tied together with bamboos (Bambusa stricta) laid crosswise, | 
and native twisted rope made of Moonj or of Bhagghar, and are steered © 
by a couple of long chooarees at the tail. At night they moor alongside ~ 
the bank, proceeding on next morning. It was considered impossible to | 
take logs down during the height of the floods, but the necessity of 
delivering the timber early and regularly drove us to make the trial, and 
although some difficulty met us at first from the fears of the tarroos, we | 
overcame that, and now for the last two seasons they have offered no 
further objections on this score. 

We had a couple of boats for inspection purposes, and to examine © 
the side channels in the banks of the river, and although the trips in 
them, performed during the height of the rains, were attended by danger, 
particularly so at the different rapids, where, unless the management of 
the helm was properly looked after, a smash up against the conglomera- 
ted sides of the river’s bank would ensue, with drowning to follow as a 
gure result; yet the cold weather excursions were very pleasant. Visits 
to the different catching stations, or to stray logs about the river, in 
"order to note their positions, and give orders for their due removal, made 
pleasent breaks in this, otherwise quiet existence. 

The rates for labor and materials under this were— 


RS. A. P| 
‘Rafting logs (labor only) per 100, a oe 290 0. 
- . Re 11, 18, 26, and 30, have been paid at ‘tome: dependent 
ean. Se Ore eee ee | 
". : Batting sleepers per 10, ee ee ee 4 to & - 
'.Mleonj rope for'tying rafts, per maund of 80 Tbs. - 280 
. + ' Bhagghar-rope for ditto, per maund of 80 fhs., «. oo «= eh, fo 18 
''., Cgosrces for guiding rafts, per 100, - 100° 
or. Baiboos for keeping logs togettier when in rafts, per 100, .. 1-12 to. 2-8 
8 0 O 
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' About two annas (slightly under) per cubic foot has been the average © 
cost for catching and rafting our timber up to date, which sum alse: 
includes the cost for supervision, purchase of materials, and all. charges - 
. that have been incurred for this purpose. I should have been very ‘glad. | 
to have presented this information in a more detailed manner, separating. 
the labor from supervision, &c., bat the particulars of the firet' two 
season’s expenditure having only been supplied to me by our Ohief Office 
in an abstract form, I am prevented from doing so. | 


Total Out-turn.—From the details of each forest, it is calculated that’ 
894,389 cubic feet of timber had on May 31st, 1871, been launched from 
. ghem. The total expenditure for supervision, &c., (to the Sist May, 
2871) was as follows :— 


RAR OAL OP. 

Purchase money, ove one ove aes 67,000 0 0 
Sciguigrage to the Rajah, o eee 28,000 0 0 
Office expenses (includes Commission for Cash Remittances), 8,476 15 10 
Salary Account, ove eee, eee ies 86,688 7 4 
‘Travelling Allowances, eee one eee be 16,026 9 7 
Native Establishment, -* és zai sis 6,804 4 9 
Medical Expenses, tee eee see woe 486 5 0 
Parchase of Tools and Materials, see re sue 9,098 & 8 
és » Blasting Powder, ... eve eee 8,654 7 8 
Carriage of Materials, ... aaa eas 4,081 14 7 
Bungalows, Stores, Huts and Powder Magazine, nee 7,121 2 6 
Wangtu and Kilba Mule Road, _... eee 82,300 14 11 
Loss on provisions, &c., ... waa me eee 22,411 14 4 
Law Expenses, ov» <a ons sis jee 2,761 15 9 
Bad debts, one one eon sas ee 4,979 2 1 


Sweeping the Sutlej, eee oes sis jee 14,702 11 7 

, Total Ra, ...° 314,100 29 

From this has to be deducted the proportions to be recovered from Mr, | 
Arratoon, and waif logs amounting to Rs. 35,448, leaving Rs. 278,742-2-9 
to be divided over the out-turn of the forest logs, being an average of 5 
annas per foot cube for supervision, as the charges for putting it into the | 
river to be added to the forest labor charges above deteiled for each . © 
forest. That it is excessive, I admit, but the difficulty of procuring ] labor: ca 
in sufficient quantity to carry out the work to a speedy termination is the». e 
principal, through not sole cause for it; the other being the necessity. of |.” 
keeping up.an extra establishment owing to the diffused positions of the 
forests, and last, but least, the delay occasioned by the Ramai Forest. 
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¥ ieee | ® Botanical Name. oe ‘Bigs Masi 4 
: Bhagghsr, 1. es | Andropogon involutus, | oo, 
. Broekche. .. = «. | Quorcus lex. | Holly leaved Oak. 
. Choosree, .. .. | Bambusa arundinacea, Small Bamboo. 

_ Kakkar, .. «+ |, Bistacia Tniepenslks Pistacia. 

Kachin, =... | Rhus Buckiamela. Sumach. - a 
‘Kelmang. ..  .. | Cedrus Deodara, Himalayan Cedar, © ©” 
Koonch, .. .. | Alnus Nipalensis. Alar, -  .* 

7 Laur... oo = ae: Acer cultratam. Maple. 

lim. .. _... | Pinus Excelea, Lofty Pirie.’ ” 

Mokrn. ~» ee | Quercus dilatate. Oak. 
 Moonj. oe .. | Saccharum Munja and Eriophorum 

Comosum. . 

Rai... «+  «. | Abies Smithiana. Himalayan Spruce. 

Shko... .. e+ | Ulmns campestris. Eim. . 
‘Boab, oe  %« oe | Morus Serrata. Himalayan Mulberry. 

Span... .. «. | Picea Webbiana, Himalayan Silver Fir, 

(apenas SSS 
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No. XXXTX. 


DALHOUSIE CHURCH. 
{Vide Photograph and Plate Nos. 88, 34 and 85.} 


Designed and communicated By W. Porpon, Esq., M. Inst. C2, 
.., BGS., and Superintending Engineer. 


‘Tam. following is the Specification and Abstract of Estimated Cost of a 
Church shout to be executed at the Hill Sanitarium of Dalhousie in the 
“Panjab; drawings of which are given in the accompanying plates. 


Sexrcirioation, 


" Bcoavation of Site.—-The site chosen for the Church is the “ Lohally 
‘Guilly,” on ‘the neck between the Tera and Bukrata hills, and on a small 
‘spur of the latter. The stone excavated to be stacked on the site, and the 
earth to be thrown down the khud along-side the Post Office. 

Concrete.—Under all the walls a 2-feet layer of concrete to be given, 
and under the floor a 1-foot layer, under the lower the concrete to be 8 feet; 
the concrete, to be composed of 1 part stone lime, 1 part sand, 1 part 
soorkhes; aiid 4 parts broken stone, and to be put down in 6-inch layors, 
’ each layer to be well consolidated before the next. 

‘Ornamental’ stone work.—-To consist of the sand stone found near 
Manool, laid i in’ fine lime mortar, and dyessed as shown in the accompany- 
‘ing plan: A bond” above the plinth, a portion of the buttresses, exterior 
_Pillare and. mouldings to all windows and a string course to upper 
" VON, SECOND SERIES, Sa 
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windows and upper cornice all round, interior cornice, pillars and arch 
- mouldings, all to be of ornamental stone work, The stone at first to be 
only approximately cut and finished, afterwards as funds permit. 

Foundation masonry.—To consist of the blue slate stone found at Dal- 
housie, laid in lime, one part sand, and one part soorkhee, only fair sized 
stones to be used, and no filling in to be allowed with chips. 

. Plinth masonry.—Same as foundation, only the points to be finer, and 
care to be taken to have the stone laid in regular courses. 

Superstructure masonry.-Same as plinth. 

Flooring.—-To consist of lozenge shaped slate, and sand stone alter- 
nately, or Jaid in some ornamental pattern in fine lime mortar. 

Doors.--To be all sound seasoned Deodar wood, with massive chowkuts 
and frame-work, the whole to be varnished and furnished with strong 
ornamental hinges. 

Windows.—To have strong seasoned Deodar wood chowkuts, the panes 
of glass all to be lozenge shaped. 

Roof Covering.—16” x 10” slates to be used, laid with a @ lap, and 
nailed to battens with two nails to cach slate, tho nails to be either of 
zinc or galvanized iron, zinc sheeting to be given at ridges and valleys, 

Roof Timber.—To be of sound seasoned Deodar, all exposed surfaces to 
to be fine dressed and varnished, for detail of measurements, see Plate 
XXXV. 

Plastering.—All the interior of the building to be pucka plastered, 
plaster to consist. of one part fine sifted lime, one of soorkhee, with pro- 
portions of charcoal, gum and white of eggs with powdered mica. 

Pointing.—The whole of the outside faces of the masonry to have the 
joints and courses drawn, and nicely finished with fine lime mortar. 

Seats, Communion Table and Chairs.—To be of the best well seasoned 
Deodar varnished. 

Cast Iron Ridge. —To ran along the top of the building }-inch thick. 

Pulpit, Font and Reading Desk.—To be of cut sand stone from Mamool. 





& 
apts 


‘ PLATE XXXIi : 


18 

























freee cece arpe mer » © enewnee We ne oe ne a £88 . Sider oe, . eas z - 4 a . a Z zo eal 
° emmtid, aa ae |] ins | aa Or ee am i of ee ee ee «omnes eee mame et catiogt a! ee ee re eee "arp owe oe ooee 
aie ro “~ a 2 a o _ ? wT o-37 “ 3 . 7 a 

2 1 . ' 4 ee 

a ! . 








fh 
il 


. ae 





~ 


| 
| 
| 
| 


ane am 
za 





ave 
ahr e 


pe cd 
; = 








Ried ke rd HH i 
Ppeattah Rigam 
ae 





ee ees LE EOIN “Sete oR tE PENROSE LS AR ete el AO A STG om eR AE A Se 





c, ft, 


6,815 
2,574 
1,528 
13,772 
5616 

6. ft. 
2,158 
114 
487 
4,408 

¢, ft. 
1,029 

mda. 

14} 

8 ft. 
6,925 
6,818 
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THE DALHOUSIE CHURUD. 


Apstact or Estimate, 


Excavation of site, at Rs. 8-8, . 
Concrete under foundations, at Rs, 12, 


Foundation masonry, at Rs, 82, 


Plinth masonry, at Rs, 34, 


x 


Supcrstracture masonry, at Rs. 86, . 
Ornamental stone work, at Rs. 1, 


Flooring, at Rs, 0-8-0, 
Doors,at Rs.2, . .« 
Windows, at Rs, 1-12-0, . 
Roof covering, at Rs. 80, . 


Roof Timber, at Rs. 2-8-0, 


Cast Iron Ridge, at Rs, 12, 


Painting, at Rs, 5-8-0, 
Plastering, at Rs,12, yj. 
Scats, at Rs. 80, . . 
Pulpit, at Re, 200, .  . 
Reading Desk, at Rs, 50, . 
Font, at Rs. 150, . . 


Communion Tablo, at Rs, 60, 


Chairs, at Ra, 25, .  . 


Contingencies at 5 per cent., 


Grand total Estimate, 


Total, 


419 


880 
758 
960 


60 
150 


50 


24,086 
1,201 


25,260 
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No. XB. 
INDIAN TIMBER TREES. 


By Mason A, M. Lane, R.E., 


Tue following lists contain the names of the most important trees in 
India, deserving the attention of the Engineer, either as furnishing 
timber to the carpenter and builder, wood for ornamental turnery, fuel 
for brick burning, sleepers for railways, or material for other purposes con- 
nected with Engineering works, A work of this description is of course 
no place for complete lists of all forest and other trees, and for botanical 
descriptions : which could not be given within the limits of a few pages, 
or even of a single volume. 

For fuller details on such subjects, works specially devoted to Botany, 
_ Forestry, &c., must be consulted : and Balfour's “ Timber Trees of India; 
Cleghorn’s “ Forests and Gardens of South India ;” Skinner's *‘ Indian mid 
Burmah Timbers,” may be advantageously referred to by those ne 
ested in Indian Trees. 

Bat a brief list of the most important Indian trees, with co-efficients of 
weight, elasticity, &c., will be useful to every Engineer in the country, 
and may appropriately be embodied for reforence in this work. 

It will be observed that the first list contains the Botanical names, 
which only are of real value, and precise application. Zocal names are in 
general very vagne, and not to be depended upon: nor are they of any 


Note,.—These liets and remarks having just been written for incorporation in the Section on Timber 
in the new (8rd) Edition of the Ist Volume of the Roorkee Treatise on Civil Enginearing, and being 
still in type, the opportunity has been taken of publishing thom glzo in the Professional Papers, as 
including a fable of useful data for calculations on strength of different timbers in Lngincaring 
sunctures. fED.]} 
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N80 beyond the lithits of restricted arcas. The samo tree will be known 
by many, different names ovor-a tract of a fow hundrod square miles, and 
it would tax the best memory to retain all the Indian local names of only 
one or two trees, and correctly apply them to their own propor localities. 
Again, onc local name may in one district refer to one tree, end in an- 
other district to a perfectly distinct plant. Thus tho well-known name 
 Deodar” is applied in Cashmero, Huzara, Gurhwal and Kumaon to tho 
Cedrus Deodara: in closely adjacent districts, (Koolloo and Kunawur,) to 
Cupressus torulosa ; and in anothor neighbouring tract (Chumba), to Juns- 
perus Excelsa. The Botanical name on the contrary has a precise appli- 
cation to one species of plant alone, and this not only in one country, but 
among all lands enjoying European civilization. Local names, however, 
are of course useful, and should be acquired by an Engincer in any district 
in which he may be employed. A list of a few such names follows the first 
“ Botanigal” list: but it must be remembered, that in many cases the 
identification of local names is very uncertain. Zaglish names are in- 
eluded in the “local” list; although few (so called) “ English ” names of 
Indian trees exist: ond in their case also there is great want of precision. 
For example “ Poon” and “ Ebony ” are terms loosely applied to a large 
number of trees of many different “‘ species,” and even “orders,” and as 
names serving any useful purpose of precise identification are really 
yalueless. 

The numbers denoting weight, cohesive strength, &c., have been for the 
"most part taken from the late Conductor Skinner's useful work on “ Indian 
_ and Burman Timbers.” The precise meaning of cach separate expression 
jn these formule should be carefully realized, before using the formula.* 

w denotes the weight in lbs. of a cubic foot of seasoned wood. 

Ei, is the co-offivient of elasticity as involved in Barlow’s formula, 


where Ii, isa constant for cach kind of wood, derived from experiment, and 


* In using this valine of Hy, it should be borne in mind, that the B (= Modulua of Elasticity) ot 
Rankino’s and Stoncy’s tables, (which coincides also with F of Molcsworth’s elasticity tables) is 432 
Ha of thia formula, while Barlow uecs two separate valucs of EB (Elasticity) ; in his first tables the 
E= 1728 Téa, and in the second tables, his E = 54 Td. 

he modulus of rupture (7) of Rankine’s tables is = 8p, of these tables: while in Molesworth’s 
tables, tho co-efficient of tranaverse strength is 3p, 

With these corrections, the values givon in the tables alluded to, can be used in these formule 
and comparicons instituted between the values of the English and other woods entered in thoge 
tables, and the values for Indian woods herein given. 
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recorded in tables: L length infest, & breadth and d depth both ia sachin, 
of abeam supported at the ends, and carrying at cenivé.e. weight, Wek Rg, 


d being the deflection at the centre in inches (ory for timber ; et of the 


clear beating.) 
fi is the constant for each wood denoting the direct cohesion i in Ths. per 
square inch, and applicable to the formula, 

P=Af | 
where P is the weight in lbs., which would tear asunder a piece of 
timber whose transverse section has an area of A square inches. _ 

p is tho constant of strength in dbs. for. timbers subjected to cross 
strain; and is applicable to the formula, 

bd? 
= > Pp. 

' Where P is the weight in /ds. at the centre, which would. break a 
seantling supported at the ends having a clear bearing in feet = ot and a 
breadth = 3, and depth =< d both in inches. 

These equations are constantly in use, as explained in the section on 
“ Strength of Materials,” in the Roorkee Treatise on Civil Engineering 
and the numbers given will be found useful for reference. Where more 
than one number is given for the same co-cfiicient, it will he understood 
that these are tho results of different sets of experiments, carried out ag 
different times and places, by different persons. In fact the same species 
of tree will furnish timber of very different quality, in different regions, 
and .even in different parts of the same region: a fact which explains 
the extraordinary diversity in the statements, and opinions recorded by 
different competent and reliable observers: one authority describing a tree 
as lofty and furnishing large scantlings of fine timber: another alluding to 
it as a small tree supplying no timber of any size or use. So well known 
and valuable a tree as the Deodar will furnish an imperishable timber of 
immensc scantling, if grown on some bleak northern granite slope of the 
inner Himalaya; while a comparatively soft and inferior wood is pro- 
duced by the rapidly grown trees of moister forests on the lower slopes 
nearer the plains. It is advisable, therefore, for the Engineer to ascertain 
for himself the quality of each description of timber in the actual locality 
in which he himself is employed: to make experiments to determine its 
strength, &c., and be careful to utilize each sort properly : not to waste on 
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snhe ‘aanbovtey atte: * ‘Giniber which may be a ‘souree of. great valuo 

for same ‘epodial parpdee; while-perhaps an inforior wood of. no durability: 
is: being introduced in some. iraportant -permanent building. As.anex- 

ample of this, Dr. Cleghorn relates how a small bridge, the total estimate 

of which was, Rs. 250, was constructed of Poon spars, which while un- 

suited for this purpose, would have realized a very large sum for tle Dock- 

| yards, where this timber is invaluable. 

It must be remembered that the Enginecr is required not only to know 
the trees available in his district for providing timber, &c., for the pur= 
poses above indicated, but he may also have to plant avenues along roads 
and canals, and should acquaint himself with the trees best suited for such 
purposes, having regard to the nature of the soil, the amount of humidity, 
&c. In Northern India the best avenuc trees, having green shady foliage 
almost throughout the year are, Nos. 4, 7, 18, 43, 54, 85, 86, 116 and 117, 
of the following list ; whero the usual rain-fall is 25 inches, these trees 
will thrive with the aid of rain only, after having been raised in nurseries 
and transplanted at the commencement of the summer rains to their posi- 
tions at the road side, (where a “ thala” should be prepared for each tree). 
Where, however, the rain-fall averages only 20 inches, it would be difficult 
to grow avenues of such trees without artificial irrigation, but the “ kee- 
kar” might be successfully raisod from seed sown in trenches where the 
trees are meant to remain. 

In general, avenue trees should be raised in small nurseries, where the 
ground should be broken up to 15 or 18 inches in depth, and improved 
with leaf manure ; the nursery being furnished with a well, if canal irriga- 
tion is not available. 
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LIST OF THE PRINCIPAL TREES IN INDIA, ~ 
N B.—2rees marked * grow within 50 mi les of Iworkec, N. W,P., cither sd genits or introduced, 
folwikhl Al? 1.2... _“€«~”..~v"0..wW 
i Abrus SMITHTANA, A lofty sprnee fi of the N, W. Himalaya, dark and ‘sombre, ret 
(Conifera.) graceful with its symmetrical form and pendulous habit, It fnv- 


nishes a white wood, casily split into planks ; but not esteemed as 
either strong or durable. It is uscd as ‘shingle’ for roof coves 


ings. 
2 *ACACIA ARABICA, This woll known, yellow flowered, “ babool” tree, is widely dis- 
(Legumninose.) tributed. It grows rapidly, requiring no water, and” thriving on 


ahcight of 40 feet, or 4 feet in girth . its wood is closo-grained and 
tough ; of a pale red color inclining to brown. It can never be 
had of large size, and is generally crooked. Used for spokes, naves, 
and fclloes of wheels, ploughshares, tent pegs. 


| bd | 4186 | 16815 | 884 | POOF soil, dry arid plains, black cotton soil, &c. It seldom attains 
iii! | | 76 | 


3 *AcACIA CATECHU. A widely distributed troe, with a heavy, close-graincd, and brown- 
BG to ish red wood, of great strength and durability : je baad posts 
| 60 | | | and uprights of houses, spear and sword handles, ploughs, pins 


and treonails of cart-wheels, But the treo is, rarely available for 
timber, being used for the extraction of catechu. 
4 *ACACIA ELATA,. A handsome lofty tree, snitablo for avenues, and furnishing 
| 39 | 2926 | 9518 | G95 | logs 20 to 80 feet long, and from 5 to G feot in ae Wood red, 
hard, strong, and very durable. Used in posts for buildings, and 
in cabinet work. 
& Acacia LrvcorHLea This very thorny, white barked “ keekur” is found in most parts 
« 85 | 4086 | 16288 | 861 | of India, and its timber in characteristics much resembles that of 
_ | A. Arabica, and is used for tho same purposes. ! 
G6 *AcactA MopEsTs, The Phulahi is a common, small, and characteristic tree of 
many parts of the Punjab, (as the Jullundpr and yy Aaa 
districts.) It is well worthy of cultivation for timber in dry san- 
dy tracts of country, and furnishes very hard and tough tiinber, 
fitted for making mills, &c. . 
7 ‘*ACACIA SPEciosa. The ‘sirris’ is a common tree throughout India, and with its 
| 55 | 8502 793 | ‘Apld growth, its large head of handsome foliage and sweet ace d 





3539 ggg | Lowers, isa good avenue tree. It grows to 40 or 50 feet in helght 
’ and 5 to 6 feet in girth : the wood is said by some writers to ho 
hard, strong, and durable, never warping or cracking, and to be 
used by the natives of South India for naves of wheels, pesties and 
mortars, and for many other purposes : but in Northern India it 
is held to be brittle, and fit quly for such purposes as box planks ; 
and for firewood. 
8 Acacia STIPULATA. This unarmed, .pink-flowered acacia, ono of the largest of the, 
50 | 4474 | 21416 | 823 | genus, is found from Debra Dhoon to Travancore, and in Assam 
| | “and Burmah, It furnishes large, strong, compact, stiff, fibrous, 
coarse-graincd, reddish-brown timber, well suited for wheel naves, 
furniture, and house building. 
@ ADENANTHERA‘PAVONINA. <A large and handsome tree found in most of tho forests of In-. 
— (Leguminose.) dia and Burmah; though the timber doea not enter the market. 
| 56 1 8103 | 17846 | gog | 2 large quantities, The wood is strong, but not stiff; hard and 
5B || ee | Sooo | 





durable, tolerably close and even-grained, and stands a good polish. | 
When fresh cut it is of beautiful red coral color, with a frag- 
rance somewhat resembling “ sandal’? wood : after exposure it he- 
comes purple, like. rose wood. It is used sometimes as sandal 
a wood : and is adapted for cabinet making el ree | 
10 ATLANTHUS EXCELSA, This tree geome in Southern Indie, and ig found also, in 
(Simarubacee) Oudh, and other parts of Northern Inilia, appatently # af in- 
troduced tree. It is.a remarkably rapidly growing tree and con- 
_ sequently, though nsefut for ayennes, &c,, where shade giving 


+ 
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trees are required to grow quickly, it does not furnish timber of 
any valuc, The wood is white, light and not durable; and is 
used for scabhards, &c., 

















t= Abnizz1a Eat, Abundant on the banks of rivers in the Burmese plains. 
(Leguminose.) It is used by the Burmese for bridges and house posts: it has 
42 to ! 1a large porportion of sap wood, but the heart wood is hard anc 
55 | durable: and in Dr. Brandis’ opinion, the wood may eventually 

ee become a yaluable article of trade. 
2 Avorazia StirvLara, Grows in forests on clevated ground in Burmah ; it has beauti- 
{ 66] l l fully streaked brown heartwood, which is much prized for cart 

| wheels and bells for cattle. 

3 ALDIZ21A 4). “ Kokoh ” is the Burmese name for an Albizzia, the wood of 


99) }99¢8) gen 1 Which is very much valned by the natives for cart wheels, oil 
{ 46] 4128] 19263] a55] , pe ee ‘ebay 
presses and canoes, It is a lofty tree, often having G0 feet of 
trank before the first branch is thrown of. 
@ ARTOCARPUR Titesuta, This large, handsome, shady tree grows in Burmah and South 
(Artocarpacee.) east India. It yields the ‘anjely’ wood of commerce, eapecial- 
eOs | Thar wea, ly esteemed as a timber bearing submersion in water. It is dura- 
[AO 8908 | UNOTOT  Te8 ble, aud is much sought after for dock-yards as second only to teak 
“for ship-building : it is also used for house building, canes, &. 
5 *ARTOCARPUS INTEGRITOLTIA. ie common ‘jack fruit? tree, is of rapid growth, and reaches 
an 9 " a very large size. It is fonnd all over India, and is esteemed both 
| 44] 4050 5 16420 | 788 | for its fruit and timber, and with its abundant dark foliage and 
numerous pendent fruit is a handsome object. The wood when 
dry is brittle, and has a coarse and crooked grain. It is however, 
suitable for some kinds of house carpentry and joinery ; tables, 
musical instramenta, cabinet and marquetry work, &c, ‘The wood 
me first cut is yellow, afterwards changing to various shades of 
OWN, 
6 *ArtocARruUS Lacooutta. ‘Ihe ‘ morikey jack’ with its orange colored frnit is found usually 
| 40f l as a cultivated plant near houses in India and Barmah. The 
wood is used in the latter couvtry for canoes; the fruit is eaten, 
and a yellow dye is obtained from the root. 


L7 <ArRrocarrus MOLtis. An immense tree on the hills of British Barmah, having an 
| 30| | l average length of trank to the first. branch, of 80 feet, and girth: 
of 12 feet, G fect above ground. The timber is used for canoes 


and cart wheels. 

48 *AZADARACTITA INDICA. The beautiful and well-known ‘ neem” tree, is common through- 
(Melincen,) ee India and Burmah, and is much esteemed for ache and 
ales iT shade, It grows in the stoniest soil, The wood is hard, fibrous, 
| oe | ce ea Looe and durable, except from attacks of insects: is of a reddish 
te ‘brown color: and is used by the natives for agricultural and 
building purposes. It is difficult to work, but is worthy of at- 
tention for ornamental woodwork, Tong beams are seldom ob- 
tainable ; but the short thick planks are in much request for doors 
and door frames of native houses, on account of the fragrant 

odour of the wood. 
19 *BAMBUBSA. . There are many distinct species of bamboo, all of which are ap- 
(Graminacee.) plied to numerous useful purposes : bridge raps Leto 
"al 9 ladders, water pipes, rafts, roofing, chairs, beds, &c. They are of 
“Hil a | ard | all sizes up to G0 feet in length, and 8 inches diameter. The bamboo 
is the most generally useful of all the vegetable products of India, 
and experiments seem to show that it is stronger than any other 
Indian wood. Itis Zndogenous, being in reality a gigantic grass. 
20 BARRINGTONIA ACUTAN- A large trec common to India generally and Burmahy 80 feet 
GULA. high ; 4 feet in girth ; flowers red. The wood of a beautifully 
(Myrtacee@.) red color, tough and strong, with a fine grain and susceptible of 
| 86 | 4006 | 19560 | 863 ee a _ used in making carts, and is in great request 

e 

21 BARRINGTONTA RACEMORA. ‘ This tree is a native of Southern India, the Moluccas, &c. : 
{ 56 | 3845 | 17705 | 819] and when in blossom is showy with its large rose-colored flowers, 
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The wood is lighter colored, and close-grained, but of Ise 
strength than that of the last named species. It is used for house- 
building, and cart framing, and has been employed for railway 


sleepers. 
22 *BAssra LATIFOLtia. The “ Mahwah’ a well known Indian tree is in most districts 
( Sapotuee.) preserved for its large fleshy flowers which are eaten and used in 


distilling arrack. The wood is, however, sometimes used for doors 
| GG | 8420 | 20070; 760 | and windows and fornitare : bat it is said to be eagerly devoured 
by white ants. 

23 Bassia LONGIFOLIA. A common tree in een and ee India, esteemed for 

en 1 its edible flower and fruit, and the oil extracted from its seede, 

} 60 } 8174 | 15070 | 730 | For these reasons it is not commonly considered a timber tree, 

though in Malabar where it attrins a large size, it is used for 
spars, and is considered nearly equal to teak though smaller. 

24 *BAUHINIA VaRiEGATA. ‘This and other species of the genus are valuable, not for their 

(Leguminose.) timber, but as ornamental trees for avenues, &c., having beantifal 
conspicuous flowers : the centre wood is hard and dark like ebony, 
but seldom large enough for building purposes, 

25 BAvHINIA VAHLII. Some species of Bauhinia are scandent plants: and among the 

largest of these is the © Elephant Creeper” (a name applied also 
to Argyreia nerrosay which destroys hundreds of valuable timber 
trees in the Sal Forests of Northern India, where one of the most 
arduous duties of the forest department is the cradication of these 
gigantic creepers whose cable like stems form fcstuons from tree 
to tree. 

26 Bernya AMMONILLA. * Trincomallic’ wood is indigenous to Ceylon whence large 

(7iliaced.) eee are annually pauls a oe ; but the tie 7 a 
‘ een introduced into South India. It is the most valuable woo 
| 60 | 3886 | 26704} 784 | in Ceylon for naval purposes : and furnishes the material of the 
Madras Masoola Boats: itis considered the best wood for capstan 
bars, cross trecs, and fishes for masts. It is light, strong and flexi- 
ble, and takes the place of Ash in Southern India for shafts, 
helves, &c. 

27 BETULA BHosruTRA. This is tho best known of the Himalayan birches, and is valua- 
ble for its abundant loose bark used as paper, and for lining 
baskets, hookuh tubes, &c.: also as a layer over the planking 
for roofs to receive the tiles or terrace in the native houses in 


Tibet, &, 
28 BIGNONIA CHELONOIDES. This tree with its largo fragrant, brownish orange colored 
(Bignoniace.) flowers, is considered sacred by the Hindoos, and is comsequent- 


ly not largely available as timber. The wood is highly col- 
ored, orange yellow, hard and durable: a good fancy wood and 
— for house building. It is found in Southern India and 
ssam, 
29 Brenonra Streunata. os tree of hie Tenasserim putea which ae logs 
; 18 fect in length, and 4 feet in girth, with strong, fibrous elastic 
| 64 | 5088 | 28998 | 1386 | timber, raebiae ‘Teak, used in house building, na for bows and 
spear handles. This is one of the strongest, densest, and most 
valuable of the Burman woods, 
30 *BomBax HEPTAPHYLLUM. The large and stately Red ‘* Cotton” tree is widely distributed 
. (Bombacee.) throughout India and Burmah. Its light loose-grained wood is 
{2995} 6951] 678 | valueless as timber, but is extensively used for packing cases, tea 


| 48} 2804 | 16657 | 642 | 


chests, and camel trunks: and as it does not rot in water, it is 
usefal for stakes in Canal banks, &c. It is a rapidly growing 


® - and long planks three feet in width ean bo obtained from 
old trees. 
31 Borassus FLABELLIFOR- The Palmyra palm ” is inferior only to the Date and Cocoanut 
MIB, palms to the natives of Asia. The.sap furnishes Toddy, the seeds 
(Paimacee.) are eaten, the leaves arc used for thatching, mats, baskets, and for 


writing upon: while the timber, which is very durable and of 
| 65 | 4904 11898 | 944 | reat al pare to anstain cross strain, is nsed Pobas ka joiats and 
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battens. The trees have however to attain a considerable age, 
before they are tit for timber. 
2 #£Brrepeuia SPrnosa, A large tree of Central and Southern India, with strong, tough 
(Euphorbiace.) ao rec pcan ira wood, of a copper color, which, however, is 
9 gq | not easily worked. It is employed by the natives for cart build- 
{ GO} 4132 | 14801 { 82 | ing and house beams: and is ai al for railway sleepers. It 
lasts well under water, aud is consequently used for well carbs. 
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3 *BUTEA FRONDOSA. The ‘dkak’ tree, with its brilliant scarlet blossoms, is wieely 
( Leguminose.) distributed throughout India, and often forms large tracta of low 


forest. The wood is generally small or gnarled, and used only 
for firewood. In Guzcrat, however, it is extensively used for 
house purposes ; and deemed durable and strong. Tho flowers 
give a bright yellow dye. 

@ PDBuxus NEPALENSIS., The Himalayan box, which is found in the North West Hima- 
(Luphorbiucce.) layas, but no where abundantly, furnishes a very valuable wood 
. for wood engraving ; but not equal in closeness and yrain, or 
hardness, to “'Lurkey” or European box, It can, however, be used 
for all but the finest wood engraving, and is largely employed 

for this purpose at the ‘Thomason C. EK. College, at Roorkee. 


8 BYTTNERIA Sp. This treo is abundant in ‘Tenasserim, and furnishes a wood 
( Bytt reriac ve.) of great elasticity and strength, invaluable for pun carriages. It is 

| 63 | 4284 4 26571 | 1012 | used by the Burmese for axles, cart poles, and spear handles. 
6 CHESALPINIA SAPPAN, This treo is widely distributed through South-Eastern Asia, 
( Leguminose.} and is an important article of commerce ; but from its value as a 


. , is dyeswood, it is not available as timber: thongh it is admirabl 
| GU | 4790 | 22578 | 1540 | adapted for ornamental work, being of a beautiful ‘ flame’ piped 
with a smooth glassy surface, casily worked, aud ucither warping 
nor cracking. 
7 CALAMUS. There are many specics of this genus, furnishing the rattan 
(Palmacoe.) canes of commerce which are uscd for “caning” chairs, light 
carriages, &c. ‘To the Engincer they furnish matcrials for sus- 
Lee py bridges of considerable span: the natives of the Khasia 
nills make single spans of 300 feet with these strung and flexible 


canes, 
$8 CALOrHYLLUM Avausti- This is one of the trees furnishing the valuable ‘Poon’ spars : 
FOLLUM. used in ship building. ‘The trees are becoming searco on the 
Ciiuttifere.) Malabar Ghats, and should be conserved. Drs. Roxburgh, Gibson, 


ert sees vq, and Cleghorn concur in stating that C. Augustifoliam furnishes 
J 45 | 2044 | 15864] O12] he Poon spars of commerce: but C. Jnophylium also, as well as 
Calysaccion augustifolia, Dillenia pentagyna, und Sterculia fa- 

tida also furnish timber often termed Poon. 


39 4 CALOPHY!LLUM LONGI- A treeof Peyu and Maulmein, furnishing a red wood, excellent 
FOLIUM. for masts, helves, &c., and also (when well cleaned aut polished) 
for furniture : but it dues not appear to be abundant. The timber 
51 84e 4 f 

[45 | 3491 | 16388 {546 | oF this tree is sometimes termed * Rod Poon,” 
40 *CAREYA ARKOREA. This tree grows in most parts of lndia of a good size, and 
(Lurringtoniucee.) furnishes a tenacious and durable wood, which admits of a fine 
sie , polish. Tt does not, however, appear to be much used as timber 
(BO | 3255 | 14808 | a0 | except in Pegu, where it grows to a very large size, and is the 


56 





| | G9 | Chief material of which the carts of the conntry are made, and the 
red wood is esteemed equivalent to Mahogany. It is useful asa 
shady avenue tree. 

41 *CASUARINA MURICATA. This fir-like tree, imported from Tenasserim, is common now in 
(Casuarinacce.) most parts of ies He aout Eaens It prin ak iu 
~ on , Seudy tracts, especially near the sea. It yiclds a strong, ibrous 

{55 | 4474 | 20887 | 9204 ong stiff timbor of a "reddinh brown color. It grows with great 
rapidity : and is admirably fitted for stakes in Canals, &c. 

(@ *CATHARTOCARPUS FistuLA. This is an ornaniental tree for avenues, and gardens, scarcely to 

(Lequmninose.) be surpassed in beauty when covered with scented masses of yel- 

ayn 705 | 846 low pendulous blossom. It. is found all over Southern Asia, but 

J 41 | 8153 | 17706 | gencrally as a snull trec, whose close-grained, mottled, dark brown 
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wood is suited for farniture : in Malabar, however, it grows large 
enongh to be used for spars of native bouts, 


43  *CEDRELA TOONA. The “ Toon” is a valuable tree found thronghout India, and 
(Cedrelacca.) yields a wood extensively used by furniture and cabinet makers ; 
31 126811 9000; 8G0 which though not strong, is light, aromatic, close grained, heauti- 

| | 3BGY | | | fully veined, casily worked, and susceptible of a high polish. 
44 CrEprus DKODARA, This handsome tree of the North West. Himalaya furnishes a 
(Conifere.) fragrant, almost imporishable, timber of great value in roof and 
SENS 456 bridge building, and for railway sleepers. It is considered to he 
B95 sa; | identical with the cedar of Lebanon. It is the most valuable 


timber of the Himalayas, where it grows in large forests. The 
Gag | BPPearance of the tree and value of the timber vary much with 
°° | the soil, and aspect of the place where it is grown. 
45 CuickrAssiIA TABULARIS. — This is one of the trees named in commerce “ Chittagong”? wood 
(Cedrelacee.) ae re also in Barmah, Southern India and Bastern 
eee . ; 3engal. ‘The wood resembles * ‘T'oon” in appearance and aroma, 
} 42) 2876] 9943] 61+ | but is more strong and tough, though very ligble to warp; it is 
used as ‘Mahogany’ by cabinet makers. 
46 CHLOROXLON SWIETENIA. This tree of Sonthern India and Ceylon, produces a beautiful 
( Cedrelaucew.) yellow wood somewhat resembling ‘box’ and known 2 Satin 
rv ‘ wp | ood : it is well adapted for ornamental decoration. and for pic- 
| GO | 4163 | 11369 | 870 | ire frames is nearly equal to American maple. Lo 
‘ure al t ple. gs upto 18 
feet long and G fect in rth are obtainable in Madras, It is a 
hard and durable wood, used for posts and rafters, agricultural 
implements, and wheel naves. : 
47 Cocos Nucirena. The “ Cocoanut palm” widely distributed through Southern In- 
(Palnacea.) din and the Eastern Archipelago, is one of the most valuable of 
| 70] 8605] 9160] 60S | trees, chiefly estecmed for its nut, but furnishing also a very hard 
and durable wood, fitted for ridge poles, rafters, battens, posts, 
pipes, boats, &e. Jt grows from 40 to 100 feet high, and 2 to 4 
feet mean girth, and thrives best near the sen, 
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48 ConNnaRus SPECIOSA. A large tree plentifal in the Burmese forests, with heavy, 
( Connuracee.) strong white timber, adapted to everv purpose of house building. 

49 ConocaRrus ACUMINATUS. A Jarge timber tree of Southern India and Burmah, where it 
(Combretacre.) reaches a height of 80 feet before: the first branch, and a girth of 


ee eens ,» 12 feetat 6 feet above ground. The heart wood is reddish brown, 
[59 | 4852 | 20623 | 880 | id and durable ; died for house and cart building. If cxposed 
to water it soon decays. 
50 *Conocarpus Latirotivs. This is an cqually large tree as the preceding; but it is more 
| 85 J GO8S | 21155 | 1220 | widely distributed, occurring in Northern India, and in the Debra 
ereee"  Dboon. It furnishes a hard durable chocolate colored wood, 
very strong in sustaining cross strain, In Nagpore 20,000 axle 
trees arc annually made from this wood. It is well suited for car- 


rage shafts. 
51 Cupressus TORULOSA. This ig a: handsome lofty tree of the North West Himalaya ; 
(Conifere.) but is not at all abundant: and being esteemed as sacred (and 
| l termed ‘ dewadara’ (deodar) or “ god timber” in some hill states) 


it is not feiled or made generally available as timber, though 
very well suited for this purpose. 
§2 DaLBeRGIA LATIFOLIA. This tree is distributed throughout India, but reaches perfec- 
(Leguminose.) tion on the Malabar coast. It is perhaps the most valuable tree 
50 | 4058 | 20283 | 912 | of the Madras presidency, furnishing the well known Malabar 
i " . “' blackwood. The trunk sometimes measures 15 feet in girth, and 
planks 4 feet broad are often procurable, after the outside white 
wood has been removed. It is used for all sorts of furniture, and 
is especially valued in gun carriage manufacture. 
53 *Datsurcia OosEINENSIS. <A tree 30 fect high, growing in the valleys of the Himalaya, in 
Oudh, on the Godavery, and in Bombay. The contre timber is 
dark, of great strength and toughness, especially adapted for cart 
wheels, and ploughs, 
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E *DALBERGIA SIssoo. There is scarcely a tree in India which deserves more attention 
50 , $022 | 219571 807 than the Sissoo, taking into account its hoanty aul uses, and its 
| [51 64 120721 ToC rapid growth In every soil, It is said to attain perfection in 28 
‘ . years, J¢ is widely apead through Northern and Central India, and 
is more used than any tree for avenues along roads and Canals, 
and for planting in Cantonments. Tt furnishes the Bengal Gun- 
carriage agencics with their best timber, and is the best of all 
Indian woods for joiner’s work, tables, chairs and Furniture. 
5 DILLENT!. PENTAGYNA. A stately and valuable forest tree of Southern India and 
(Dilleniacre.) Burinah, furnishing some of the peor spars of commerce. The 
a = est ane, Wood is used in honse and ship building: being close-grained 
{| 70] 8650 | 17084 | 907 | tough, durable, (even ander gent) of a reddish brown color, 
not easily worked, and subject to warp and crack. 
6 *DILLENrA SPEcTORA,. The Chalta is a large and ornamental tree of India and Burmah, 
eee are re =n with Jarge fragrant white flowers, edible fruit, and light, strony 
| 45 [ 3855 | 12691 | 721 | lighit Uraven elo hexane general characteristics with the pree 
ceding tree. It is used in house building and for gun stocks. 
7 Di-sprvros EBENUM, The true Khony tree grows in Ceylou and Southern India, 
( Lbenucew.) This heart wood is deep black, the outer wood is white ; with 
advancing age the black wood increases. It is much affected by 
the weather, so that it is seldom used, except in vencer, and doli- 
cate and costly cabinet work. 
8 Diosryros IliRsvuTa. Nay middle sized tree of oo and Coromandel, furnishing one 
: oe : -» , Of the Calemander woods of commerce, of & chocalate color 
| GO | 4206 | 19830 | 757 | with black strenks and marks, esteemed for ornamental purposes : 
a and valuable. Obtainuble in logs 12 fect long, 4 fect in 
sirth, 
19 DIOSPYROS MELONOXYLON, : a is a very Jarge tree of pals India ad Pegu, furnishing a 
warp | 41s valnable wood for inlaying and ornamental turnery, the sap wood 
| 81 | 5058 | 15878 | 1180 | white, the heart wood even grained, heavy, close and black, stund- 
ing a high polish. 
iO Diosprxos TOMENTOSA, This is the North Indian representative of the ebony-pro- 
ducing Southern forms of Dyospyros: ocentring in Northern 
Bengal, Oudh, &c.; 0 tall cleyant tree, furnishing a hard and hea- 
vy black wood, The young trees are extensively felled bv the 
natives as cart axles, for which they are well suited from their 
toughness and strength. 
il Diprerocagpus ALATUs, <A magnificent forest tree of Pegu and the Straits, rising 250 fect 
(Dipterocarpacew, ) in height, and 100 feet to the first branch. The timber is excellent 
45 | 8247 | 18781, 760 for every purpose of house building, but if exposed to moisture 
[| 46 | | 700 | is not durable : it is hard and coarse-grained, with a powerful odour, 
and of light brown color. It furnishes wood oil, 
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$2 DIPTEROCARPUS TUBBI- This is another lofty wood vil tree of Assam and Burmah, and 
NATUS. the Andamans, with a coarse-graincd See of a light brown color, 
‘ not easily worked, and not durable. It is nsed by the natives for 
| a | 8855 | 15070 te | house building, in sawn planks, which will not stand exposure 

| | ~~” + and moisture. eee 
$3 *EMBLICA OFFICINALIS. The tree producing the Myzobalan fruit, is distributed throngh- 


(Huphorbiacee.) out India, furnishing a hard and durable wood, used for gun 
1 46 | 2270 | 16064 | 562 | stocks, furniture, boxes and vencering und turning : it is suitable 
for well curbs, as it docs not decay under water. 
64 *ERYTHRINA INDICA. A common tree throughout India and Burmah, with a profusion 
( Leguminosae.) of brilliant scarlet blossoms, whence it is called the “ Coral?’ tree : 
it furnishes a soft, white, ensily worked wood, being light, but of 
no strength, and eagerly attacked by white ants, It is used for 
scabbards, toys, light boxes and trays, &c. 1t grows very quickly 
from cuttings. ; 
“6S ‘*EUCALYPTUS. This is not an Indian genus, but many species are now being 
(Myrtacce.) naturalized in both the Hills and plains of India, imported from 
Australia, Sufficient time has not yct clapsed to establish the va- 
lucof the “ Blue gum’ and other Kucalypti when grown in India, 


45V INDIAN TIMBLK TREE». 


RS CATT SS AA SAIL AES OR TER, 





Nolwilm lA lp. 





66 *FERONIA ELEPHANTUM. The tall Wood apple tree is widely diffused throughout India, 
(Aurantiacea.) seer er and in gardens and groves : an pulp te the larye, hard 

‘ ‘ ~ , Shelled fruit iy eaten : and the bark furnishes a large quantity of 

[| 50 | 8248 | 18909 | G45 | clear white gum known as “ Kast India Gum Arabic.” Jt has 


: a yellow colored, hard, and compact wood used by the natives in 
ae and cart building ; aud in some places employed as Railway 

ecpers, 
67 ‘*Ficus ELAsTICcA. The Caoutchone fig tree grows on the Hills of Assam and 
(Moracew.) Silhet, but is to be found as an imported tree in other parta of 


India. The milky juice is extracted by incisions across the bark 
down to the wood: 50 ozs, of the juice furnish 15 ozs. of Caout- 


chou, 
68 *Ficus GLOMERATA. The Gooler is a wide spreading shady tree, producing great num- 
{ 40] 2113] 12691] 588] bers of small red figs growing in clusters on the branches. Tho 
| 2006 wood is light, tough, coarse-grained, and brittle. It is used for door 
pancls, and being very durable under water, for well-curbs, 
69 = *Ficus [NpICcA, The well known “ Banyan” or “ Bur” is ove of the common- 


wieoen 1 ais est trees of India. Its wood is brown colored, light, brittle and 
| 86] 2876] 9157] G00 | coarse-grained, neither strong, or durable (except ance water, for 
which canse it is used for well curbs.) The wood however of its 
pendent serial roots is strong and tough, aud used for yokes, tent 
poles, &e. 


70 *Ficus RELIGIOSA. The Peeprl is as widely spread and well known as the banyan, 
B34 2454] 7535] mad | and with it is planted near temples and tombs, and in sacred 
| 2371 | | 458 | groves. ‘The wood is similar in appearance, characteristics and 

uses to that of the Banyan. 
JL *GMELINA ARBOREA, A large forest tree of Central and Sonthern India and Barmah: 
( Verbenucca.) a suitable tree for avenucs from its size, straightness, and hand- 
{35 | 2182 | | some flowers. It has a pale yellow wood, light, easily worked, 
not shrinking or warping, strong and durable, especially under 


water: it iy however sag attacked by white ants: used for 
furniture, carriage panels, palkees, &c. In Burmab used for posts 
and house building generally. 


72 (a) “GREWIA ELASTICA. In some parts of India these trees are said to reach a Jarge size, 
(2) GREWIA TiLtdsroLra. but the wood generally is procured in small scantlings, suitable for 
( Tiliacea.) spear shafts, carriage and dooly poles, bows, and tool handles, for 


| 34] 2876 | 17450 565 | iia bie cadre fi light, soft, flexible and fibrous, 
73 GUATTERIA LONGIFOLIA. ‘This handsome erect tree with beautiful foliage and dark shade, 
(Anonacee.) is much grown as an ornamental avenue tree in Southern India. 
| 87] 2860] 14720| 547 | a ae oe light and flexible, but is not used except for 
drum cylinders, 
7@ MHARpwWIcKIA BINATA. An clegant, tall and erect-tree of Central and Southern India, 
(Leguminose.) furnishing a red or dark colored, very hard, very strong and 
| 85] 4579 | 12016] 9425 ee woud, hasigion for posts, pillars, and piles ; and excellent also 
or ornamental turnery. 
75 HERITIERA MINOR, This peculiar, gloomy looking, tree, known in Bengal as the 
(Sterculiacvew.) * Soondree,” grows on tracts occasionally inundated by the tides.in 
‘ ., Fenasserim and the Gangetic Delta, (giving their name to the 
J 64] 3775 | 20112] 816 ‘ : 
| 4677 | 1312 Soonderbunds.) It is the toughest wood that has been tested in 





yz} India, and stands without a rival in strength, and is used for 

| 926 | piles, naves, felloes, spokes, and carriage shafts and poles. It is 
however x perishable wood, and shrinks much in seasoning. 

76 HIoPEA ODORATA. One of the finest timber trees of British Burmah, sometimes 

(Dipteracea.) reaching 80 feet in height to the first branch, and 12 feet in 

§8 800 | girth : a large boat of 8 feet beam and carrying 4 tons, being some- 

| 45 | 3660 | 22209 | 706 | times made of a single scooped-out trunk, The wood is close 

even grained, of a light brown color. . 

77 *INGA LUCIDA, A very fine and rapid growing timber tree from Sonthern 

( Leguminosae.) India, Burmah, Assam, Nepaul, &c., growing to a great height, 

with sweet scented blossoms, and magnificent, shady, foliage : 
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well snited for avenues. The heart wood is black, and is termed 
Fron wood in Burmah. 
INGA XYLOCARPA. ou val es At tree known as the Jron wood of Arracan 
sie er is found throughout Southern India and Burmah, furnishing a 
| 58} 4283 | 16657 | 836 | wood of very superior quality, heavy, hard, close-grained, and te 
rable, and of avery dark red color , it is, however, not easily work- 
ed up and resists nails, It is extensively used for bridge building, 
posts, piles, &., and is a good wood for sleepers, lasting (when 
judiciously selected, and thoroughly seasoned) for six years. 
JUGLANS REGIA. The Walrut is abundant in the villages of the N. W. Himalaya, 
(Juglanducee.) and its beautiful wood is osed for all sorts of furniture and ca- 
binet work in the bazaars of the Lill Stations. 
*LAGERATRAEMIA REGING, ‘This isa most beautiful flowering tree from South India, Burmah 
(Lythracee.) and Assam, but introduced into the gardens of North India for 
40 | 3665 | 183881 637 the beauty of its luxuriant purple blossoms, In Burmah it 
| 4) | | | Giz | grows to a large tree, and the wood is used more extensively than 
“1 any other, except Teak, for boat, cart, and house building, and in 
the Madras gun carriage manufactory, for fellocs, naves, framings 
of waggons, &c. 





*MANGIFERA INDICA. The Afango is generally diffused over all the warmer parts 
( Terebinthacer,) of Asia, and is much esteemed for its fruit. te yng papers is 
‘ ag, of inferior quality, coarse and open grained, of a deep gra 
| a2 me rae on | color, deca pin if exposed to wet, and greedily caten by hii 
= : Mants. It is, however, largely used, being plentiful and cheap, for 
common doors and doorposta, boards and furniture, and also for 
firewood, It should vever be uscd for beams, as it is liable to 
snap off short. 

; MELANORAMA UsItA- The Varnish tree of Burmah forms large forests in conjunction 
TISSIM A. with Teak and Sal, and furnishes a dark-red, hard, heavy, close 
(Anarcurdiacee.) and even-grained and durable (but brittle) timber, useful for belves, 

| G1] 3016 | {| 514 | sheave blocks, machinery, railway sleepers, &e. 
| *MELIA AZADARACH., The “ Persian Lilac” of India which grows throughout China, 
(Meliace.) India, Syria, &c., is ornamental when in full foliage, and covered 


with sweet scented lilac flowers: but it is deciduous, and bare 
of leaves for many months, showing then only its bunches of yellow 
‘beads’; so that it is not altogether desirable as an avenue tree, 
though very much planted for this purpose. The soft, red colered, 
loose textured wood (resembling in appearance cedar) is used 
only for light furniture. 
k *Micnenta CHAMPACA. _ A fine timber tree with handsome foliage and flowers. In the 
(Mugnoliacea.y Dehra Dhoon it reaches 16 feet in girth. In Mysore, trees measur- 
} 42 | | | ing 50 feet in girth, 3 fect above ground level are found, and slabs6 
feet in breadth can be obtained ; as the wood takes a beautiful 
polish, it makes handsome tables : it ix of a rich brown color. 
*MILLINGTONIA HORTENSI8. A very handsome tree for avenues ; tall and straight, with 
(Bignoniacee). graceful foliage and fragrant white flowers. It grows very ra- 
pidly, hut is not long lived, and is easily injured by storms, The 
bark is soft and spongy ; the wood is white, fine and close-grained, 
but of little use. 
>} *“Mimusops ELENGI. This is an ornamental, more than a useful tree, grown in gar- 
(Sapotacce.y dens and avenues throughout India and Burmah, for the beauty 
of its foliage, and its fragrant white flowers, The wood is heavy, 
| 61 | 8653 | 11369 | 682 | close and even-grained, of a pink color, standing a good polish ; 
and is used for cabinct making purposes, and ordinary houso 
building. : 
’ Mimvusors HEXANDRA, This tree grows in South and Cae ie furnishes yen 
very similar to the last named, used for similar purposes ; an 
p70 | 3848 | 19036 | O44 | for instruments, rulers, and other articles of tarnery. : 
Mimusoes INDICA. This is a valuable tree of South India and Ceylon; with a 
or ‘ coarse-grained, but strong fibrous durable wood of a reddish 
| 48 | 4206 | 25824] 845 | brown color ; used for house building, and for gun stocks. 


| 80] 2516 | 14277] 596 | 
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89 *"MoRINGA PrERYGOSPERMA, A handsome tall tree, with shady foliage, and of rapid growth. 


(Moringacew.) The wood is white and soft; and the scrapings from the root 

form a good substitute for the horse radish, 
90 *Mokus INpIcA. This specics of Mulberry, as well as Morus Multicaulis, and 
( Moraceae.) M. Nigra, ave common in Northern India: in some parts of 


the Punjab and Oudh being planted in connection with siJk 
worm rearing. It is also grown in avenues, for which, however, 
it is unsuited, being for many months qnite bare of leaves. The 
wood is yellow, close-graincd, very tongh, and well suited for 


é ° 
turning. 

91 NaAuCcLEA CADUMBA, A. noble ornamental tree of India and Burmah, with orange 

(Cinchonacew.) colored flowers : sometimes in the latter country, reaching 80 feet 


in height, and 12 feetin girth. It has a hard, deep yellow, loose- 
grained wood, used for furniture. In the Gwalior bazaars, it is 
the commonest building timber, and is much used for rafters on 
account of cheapness aud lightness, but it is obtained there only in 
small scantlings, 
92 *Naucuna Corpiro.ta, This is also a very large tree, with a soft close even-grained wood 
491 2052 1 1O4Bt | cag ¢ Tesembling in appearence Box, but light and moro easily worked, 
| 3467 | rg | and very susceptible to alternations of temperature. Jt is esteemed 
: us an ornamental wood for cabinet purposcs. 
93 *NAUCLEA PAkviruoka, A large fine timber tree : with a wood of fine grain easily work- 
| 424 l | 400 | ed, used for flooring planks, packing boxes and cabinet purposes ; 
Z it is much used by the wood carvers of Saharunpore. 

9% *nmNiIx Syivesruis This wild “date pala” is common all over India, and is valued 
(Palmacee.) for the ‘ teddy’ extracted from it. The trunks are used for tempo- 
| SO [ BIN] 8356 | 512 | ray bridges, revetinent piling, and water conduits, ‘The wood 

is brown and cross-grained, and not very strong. 





95 Picta WEBBIANA. The silver fir, of the N. W. Ilimalaya, grows at bigh altitudes, 
(Conifere.) 8000 to 12000 fect, in dark sombre forests: aud reaches from 
} 88! | 100 to 200 fect in height, with very short straight lateral branches, 
' | | The wood is white, soft, easily split, and used as shingle for roof- 
ing, but is not generally valued as timber. 
96 PINUS EXCELSA, A handsome lofty pine growing at altitudes of 6000 to 11000 in 


the N. W. Himalaya, and furnishing a resinous wood, much used 
for flambeanx : it is durable and close-grained ; much used for 
burning charcoal in the hills : and also for building. 
97 *PINUS LONGIFOLIA. The long leaved ‘ Cheer’ pine is the first of this genus obtained 
Goy 1 i2 ascending the Himalayan, growing from 2000 to 6000 feet alti- 


pee 735 | tude; and being common and light, is largely used in house build- 
BN nag | ing. It requires however to be protected from the weather, and is 
3079 ngg | Suitable for only interior work in houses, Jt grows well as an im- 
aise ; ported tree in the plains as low as Moerut. ; 
98 *PONGAMTA GLABRA, This tree grows all over India and Burmah, and is an excellent 
( Lequneinuse). avenue tree, reaching in good soil a height of 40 feet, with dense 


e dark green shining foliage all the year round, which, however, 
J 40; 8481 | LTO 686] ;, apt to be much disfigured by numberless leat-mining in- 
sects, ‘blotching’ the leaves. The wood is light, tough and fib- 
rous, but not easily worked, yellowish brown in color, not taking 
a smooth surface. Solid wheels are made from this wood : it 
is, however, chiefly used as firewood, and its boughs and leaves 
as manure. 
99 “Prosoris SPICIGERA. A fine timber tree, well suited for dry sandy soils, and furnishing 
(Leguaninos@.) a strong hard tough wood, casily worked, Tt grows in Mysore and 
Bombay, but thrives especially in Sindb, where it obtains a large 
sizo. It is common also in the Jullundur Doab. 
100 *Psipium PoMIFERUM. The Guava is a well known fruit tree of South-Eastern Asia. 
(Hyrtacce.) It is a small tree, and furnishes a gray hard, tough, light, very 
47 | 2676 { 18116] 618 | flexible, but not strong wood : which is vey close anil fine grained, 
| | 2676 | | and easily and smoothly worked, go that it is fitted for Wood En- 
graying, and for handles of scientific and other instrumenta, 
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% Prerocarrvus DALBER- This large and handsome Padowk tree is a native of thé An 


GIOIDES, daman and Burmese forests, and furnishes a red, Mahogany like 
(Lequminose.) timber, prized by the natives above all others for cart-wheels, and’ 
56 | 4180 | 19086 | 864 | extensively used by Government in the construction of ordnance 

£9 984 carriages. 
‘2 PYEROCARPUS MAR- This large and very beautiful tree is widely diffused, and yields 
BUPIUM. one of the most abundant and useful timbers of Southern India, 


and also the valuable gum kine. The wood is light brown, 
[ 56] £182 | 19948 | 868 | strong, and very durable, close-grained, but not easil worked : 
it is extensively used for cart framing and house building, but 
ond be protected from wet: it is also well fitted for railway 

sleepers, 
3 PrerocarpPus marteeaibee The Ape aanaat wood ae grows in the forests of = eae 
~ , Its wood is sold by weight as a dye wood, and exported to Eng- 
| 70 | 4582 | 19086 | 975 | jana. It is heavy, extremely hard, with a fine grain, and is suit- 
able for turnery, being of a dark red color, and taking a good 


olish. 
1 *PrrrosPpeRMUM AcaRi-_ A lofty, handsome, shady tree, suited for avenues : from South 
FOLIUM. India, Assam and Burmah. It has a dark brown wood of great 
( Bytineriacea.) valde and as strong as teak: but its durability has not yet beon 
tested. 
iS *PurRansiyA ROXBURGHII. A large shady timber tree with straight, erect, trunk; and 
(Luphorbiacee.) with wood white, close-grained, very hard, durable, and suited 


for turning. It grows along tho foot of tho Himalaya, and in 
Ondh, Assam, Sylhet and South India. 


16 QUERCUS. Numerous species ‘of Oak are found in the Himalayas, Sylhet 
(2) ,, INQANA. and Malay Peninsula. The threc marginally noted, form large 
(6) , DILatata. forests in the N. W. Himalaya, Jucuna occurring from 6000 to 
(c) ,, SHMICARPIFOLIA. 9000 feet, and Semacarpifulia ascending to 12000 feet. They 

(Corytacee.) are lofty trecs, 80 to 100 feet in height, and furnish serviceable 
(a) 491 timber ; in Dr. Cleghorn’s opinion some of the best timber we have. 
| | | (e) 670 The wood is heavy and for 2 years or more after felling, will not 


float ; hence it has not found its way to the plains by the rivers, 
as is the case with the pine woods. Q. Semicarpifolia in color, 
and yrain resembles the English oak, 
»y Ruyvus ACUMINATA, The ‘ Kukkur’ of the N. W. Himalaya, furnishes a wood much 
valucd by cabinet makers for ornamental furniture. Planks 8 x 
23 feet can be obtained from soe trees. 
18 SanTatum ALBUM. This is the truce Sauda? wood, and is found abundantly in My- 
(Santalacew.) Pie ri ste oe arate oe gee ee apie 
c., and is sold by weight to be burned as a perfume. It is also 
[ 58 | 8481 | 19461 | 874 | Vaincd for making work boxes, and small! articles of ornament : 
and for wardrobe boxes, &c., where its agrecable odour is a 
preventive agninst insects. 
09 *Sapmnpus EMARGINATUS. The Soapnuttrec iscommon to Indin and Burmah: a handsome 
(Sapindace@.) tree » tee eh an 4 nee ade ee pei a aoa aa 
3 is not durable or casily worked, and is liable to crack if ex ; 
| G4 | 8965 | 15495 | 652] ut is used by natives for posts and door frames: also for fuel 
The tree is valued for its nuts or berries used for washing. 
O *Scuixicuera Taiyvua. A tree of Southern India, producing a red strony, hard and 
(Sapindacee.) heavy wood, used for oil presses, sugar crushers and axles. It 
occurs also in the Kast of the Purfab. It is a Jurge and common 
tree in Burmah, where excellent solid cart wheels are formed from 


; t it. 
“30s SHoREA OptTvusa. The Thee-ya is a Burmese species of ad/, producing a heavy and 
(Dipteracea.) compact wood, closer and darker colored than ordinary #4, need 
| _58 | 3500 Leake | 780 | for making curts, and oil and rice mills. 
2 *SHOREA ROBUSTA. The séi furnishes the best and most extensively used timber 
55 | 4209 | 18243] 880 ; ; 18 
| Indian timber for Engineering purposes: it is used for roofs and 
bridges, ship building and house building, sleepers, &. The tree 


in Northern India, and is unquestionably the most useful known 
4963 769 
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grows in forests in the Terai extending along the foot of the Hima- | 


Taya, from the pgm otters to the Jumna, and in Barmah and _ 


enasserim, The timber is straight, strong, and durable; but 


seasons very slowly, and is for many years liable to warp and 


shrink. 


413 Sonneratia APETALA, A large and elegant tree of the Gangetic Delta, Bombay and. 


(Myrtacea.) Rangoon ; yields a strong, hard, red wood of coarse grain, used in 


Calcutta for packing cases for beer and wine, and is also adapted 
for rough house building purposes. 

114 Soymipa FEenrirvaa, A large forest tree of Central and Southern India, furnishing 
( Cedrelacea.) a bright red close grained wood, of great strength and durability, 
66 | 8086 | 15070 | 1024 | preferred above all wood by the Southern India Hindoos for the 
| | | wood-work of their houses. Thongh not standing well exposure 
to sun and weather, it never rots under-ground or in masonry, 

and is very well suited for palisades and railway sleepers. 


118 StTERcULIA FaripA. A large tree of South India, Ceylon and Burmah. In the lat- 
(Sterculiacea.) ter country, the trunk is 50 feet to the first branch, and girth 10 


feet, at 6 feet from ground : but the timber is not used there. In 
| 28 | 3,849 | 10736 | 464 | Ceylon it is used for house building, and in Mysore for a variety 
of purposes, taking the place of the true yoon. The wood is light, 
tough, open grained, easily worked, not splitting, nor warping : 
5 in color yellowish white, 

116 *Syzyvarum JAMBOLANUM. The Jamoon is widely diffnsed through India, and is valued 
(Myrtacee.) as an avenne tree from its height, handsome foliage and edible 
| 4842746 8840| 600| dare om fruit. The brown wood is not very strong or durable, 
t is used for door and window frames of native houses ; though 
more generally as fucl. It is however suitable for well and canal 

works, being almost indestructible under water, 
117 *TamMARINDUS INDICA. The Zamarind is a very handsome tree for avenues, gardens, 
(Leguminosa.) &c., of very slow growth, but attaining a great size; and much 
79 | 8148 , 206281 864 valued for its fruit. The heart wood is very hard, close grained, 
| | 9808 | : | 816 | dark red, very hard to be worked ; used for turnery, also for oil 
presses and sugar crushers, mallets, and plane handles ; it is a very 


good brick burning fuel. 
118 *TECTONA GRANDIS, The Teak furnishes the most useful and durable timber known. 
( Verbenacea.) Tt grows in Southern India, Burmsh, Java, Sumatra, &e. The 


wood is brown, and when fresh cut is fragrant: very hard yet light 
| 16467 | 814 casily worked, and though porous, strong and durable: soon 


| 45 | 3978 
42 7 : : Rote 
scasoned, and shrinks little ; used for every description of house 
t | | 14498 | 683 | building, bridges, gun carriages, ship building, &c. 
219 TERMINALIA ARJUNA, A tree widely diffused, often found in company with teak, and 
Combretacec.) growing to a very largo size. It furnishes a dark brown, heavy, 


} 54 | 4094 | 16288 | 820 } very strong wood, suitable for masts and spara, beams and rafters, 

2120 TERMINALIA BeLeRica. A very large forest tree with a straight trank, and spreading 

head, and flowers with an offensive smell. It is a very fine looki 
tree for avenues, but the wood is white and soft and not used in 
carpentry. 

421 *TERMINALIA CHEBULA. A beautiful and lofty tree with horizontal branches, growing 

‘ 82 | 8108 | 7568} 470 in tiers: planted in gardens and avenues. The wood is used in 
| | | | §, Endia for common house building, but it is light and coarse- 
ined, possessing little strength, and liable to warp. In Burmah 

. . is used for yokes and canoes. The fruit and galls are used by 

yers. 

422 Terminatta Contsces, A large tree, common in the forests of Central and Southern India, 
{60 | 4048 | 22851} 860| of which the heart wood is one of the most durable woods known : 
reddish brown, heavy, tough and’ durable, very fibrous and elastic, 

close and eyen-grained: used for beams and posts, wheel and 
cart building generally: and telegraph posts, It is durable under 
water and is not touched by white auts, 

TERMINALIA GLABRA. This valuable timber tree, is found in all the Teak forests ‘of In 


& 


} 55 | 3905 | 20085 | 840 | din and Burmah, furnishing a vory hard, durable, strong close — 
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and even grained wood, of a dark brown color, obtainable in large 
scantling, and available for all purposes of house building, cart 
framing and furniture. —. + 
124 *TERMINALIA TomuNTOSA, A valuable forest tree of Malabar, Nagpore, Rajmahal, Oudh 
&c. : which supplies a heavy, strong, durable and elastic wood. It 
is, however, a difficult timber to work up, and splits freely in ex- 
posed situations. A good wood for joists, beams, tie-rods, &c., 
and for railwey purposes, and is often sold in the market nnder 
the name of sd/, but it is not equal to that wood. 

4125 Tuxspesta PopuLneEA, The Portia tree of Madras is much used for avenues, from its 
{ Malvacec.) handsome appearance. It grows most rapidly from cuttings, but 
{ 49| 8204 | 18148} 716] the trees so raised are hollow-centred ; and anly useful for firewood. 
Seedling trees furnish a pale red, strong, straight, and even-grain- 

ed wood, easily worked ; used for gun-stocks aud furniture. 
426) 0 «6*Trewia Nupiriona. This is a large tree, from 40 to 60 feet in height, furnishing a 


(Huphorbiacee.) white, soft, but close-grained wood, 
427 Utmus Inruaniroua, ‘This large £m is found in various parts of India, from the foot 
(Ulmaccee.) of the Himalaya to Ceylon. It farnishes a strong wood, employ- 


ed for carts, door frames, &c, Thore are other specics of Elm 
Ulinus Cumpestris, Erosa, &c,, growing in the N. W. Himalaya ; 

) : lofty handsome trees, often planted as sacred trees by- temples, 
128 486 *ZwyPHUS JUIUBA, The Jujube or Ber is a small thorny tree found growing all 
| (Rhamnacea.) les sy cat Burmah, ra oe ae ‘ cpa of its ae) 

wy 1 The red dark brown wood is hard, durable, close and even-grain 
(58 | 8584 | 18421 672 | and well adapted for cabinet and ornamental work, The loaves 

are extensively used to feed cattle in the Punjab. 
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List of Local Synonyms of the Trees enumerated in the Preceding List. 




















be. Bengali, bu. Burmese.  ¢. Canarese. cc. English, g. Gurhwal. ih. Hindusiani, k. Aunawuree, 
te. Teloagoo, ta. Jamil. 
A. Caoutchoue tree, ¢., G7 | Gomar, be, .. 71 | Kaith, 2, .. 66 
Casuarina, ¢., ... 41 | Googilam, fe, .. 112 | Kaki, ¢, = 42 
Abja, 2, ~» 20} Catecha, ¢., 8|Gooler,i., «+ 68] Kala jam, be, .. 116 
Abnoos,f., «.. 57 /| Cedar, ¢,, .» 44] Gnooshwoay, du, 42 | Kali keckur, @.. 2 
Acen, »» 122| Chandana de, .. 108 | Guava, c., -» 100; Kamba, .» 40 
Aglay,ta, .». 45|Chandanam,ta, 108 | Gumber, ée., 71 | Kanagala,¢, .. 56 
Aing, én, .. 61| Cheel,&., 97 | Gurrapabadam,fe,, 115 | Kanazo, bu, .. 78 
Akrot, hk, .. 79| Cheer, &., . «97 | Gwai donk, bu., 48 | Kantul, be, .. 15 
Am, .,.. «» 81 | Chickraasi, be,.. 45) Gyo, bu., »» 110) Kanycen, bu, 61, 62 
Amlaki,f., .. 68) Chittagong,e,.. 45 | Karakaia, te. +» 121 
Amuoltas, #., .. 42) Chulta, ie, .. 56 | H. Karanj, 4,  ». 98 
Anjili, ta,  .. 14) Chumpa,h, .. 84] Kasneer, 2. «> = 67 
Aonla, 4, .. 68 | Chumpaka, le., 84 | Hance, 4, ». 101 | Katuvagi,7a,.. 7 
Arjun, 4,  «. 319} Chumpakamn, te, 84! Tonay, ec., 102 | Kelmung, 2, .. 44 
Asan, h., .» 1241] Cocoanut palm, ¢., 47 | Uorscradish trec,e, 89 | Kelu, 4, o «= 44 
Asoka,ta,, .. 78|Coraltres,e, .- 64) Htan bu. St | Kerwal,A, .. 80 
Atti, ta., »» 68 | Coramundalum, ta, 58 | dltein, bu. .. 98) Keekur,h, .. 2,5 
Aucha,ia, .. 74) Corkirec,e, «» 85! Iulda,A.,  .. 121) Khair, A, ie. 8 
Cotton tree, ¢.,.+ 80| Huldoo,k, .. 92) Khajoor,i, .. 94 
B. Cuddapah, ta.,.. 21 | Hara, ., »» 191 | Kheerne,h., +. 87 
D Hurda, ». 121 | Khoomb,’,, .. 40 
Babool,#., . 2 : HWurdoo,i., .. 92} Khoura, be, .. 138 
Baer, 1.,, »» 128] Date palm,e, -. 94] Wyecheen, bu... 128 | Kirni, 2., - =< 
Bahcern,A., .. 120) Deodar,k, »» 51 Kobin, ou, .» 110 
Baibya, bu, .. 50 » ye 4A I, Kokoh, 6u., .. 13 
Bakleo,d., 4. 50) Dhak h., - 88. Konda tangedau, te., 78 
Pakula, de, .. 86) Dhbamin,h, .. 721) Imlee,A., ee 117 | Koramann, te., 8 
Pamboi, du,, .. 40) Dhamnoo,h., .. 72: Indian rubber treee.,67 | Koon, te,  .. 110 
Bamboo,e, .- 19) hao, h., .» 60! Ippie, te,, «» 221} Koonkoodoo, te, 109 
Ban, 4.,.. 106(a) | Dhoon Sirris, e., 4| Iron wood, ¢, 77,78| Koovai,c, .. 38 
Bans, f., « 19|Dhoura,s, «- 46 Koosoom, 2, «. 110 
Baughi,e, .. 7 J. Kuchnar,h., .. 24 
Bejasal,h., .. 102 E. : Kudumb, 2, «. 91 
Bat, h., » oF Jack, ¢., es 15| Kukkur,’, .. 107 
Bhojputra, &., .. 27 | Ebony, ¢., 57,59 Jambsi,c, .. 78) Kumbala, du, .. 113 
Billu kurra, te., 46 | Kedjul, 2, >» 20 Jamboo, %., +» 78|Kumbhi,ée, .. 40 
Bitti, ¢., «» 62] Eongycen, bu... 112) Jamoon,%, .- 116) Kumhar,h, .. TL 
Bjoobecn, du.,.. 55 | Eeta, te., «= =94} Jarul, A, »» 80] Kurroo murdoo, bx., 123 
Blackwood, ¢,.. 52 | Elm, a, 127 | Jeapota, %, .. 108 | Kurroo pallay, te, 105 
Bokain, 2, .. 838} Erool, -- %8| Jhund, 2, «» 99 | Kurroo yallum, ta, 2 
BRoomaiza, bu... 12] Eruputtu, ta, .. 52} Junglihadam, be., 115 | Kursoo, k., 106(c) 
Box, ¢,.- - e 84] Eruvalu,ta, .. 78 Kurunj, 2, .. 98 
Bukkum, /, be. 86 | Eyne, 2., we «(124 K, Kussumb, 2, .. 110 
Bar, h.,.. o «69 Kuthbel, 4, .. 66 
Burgut, 2,  «. 69 F. Kada lipua,¢a., 80} Kuthnl,k, .. 16 
Burbul, i, «- 16 Kadam, h., «.. 91} Kyaitha, du, .. 20 
Farrud, 2., 64 | Kadhalsna,o,, .. 14 | Kywon, bu, .. 118 
C. Kadon kadet, bu, 48 
G. Kadu kai, ta, .. 121 L. 
Calamander, ¢., 58 Kail, k., » 96 

Cane, ¢,, » 9871 Gandaga,c, .. 108° Kaim, /., «+ 983| Lakoocha,k., .. 16 
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Laku chamna, fe, 16) Parus, 4., . 125) 8aj,.. 118 
Leaur, g., 51 | Parus peepul, A, 125 | Sal, A, . ty 
m, k., »» 96] Pashi,te, «.. 49) Sampangi,c, .. 84 
Paunjireh,h., .. 64 | Sandal, e., 108 
M. Pawoon, bu, .. 85} Sandun,t, .. 83 
Pedda kalinga, § 56| Sankhoo,&, .. 112 
Maoh, ta, +» 81 Peddamanu,te, 10} Sappan, ¢., BG 
Mahwah, h., .. 22) Peemn, bu,, 80 | Sarala devadara, te, 26 
Maljan, hs «» «251 Peepulh,  .. 70} Satin wood,e,.. 46 
Mamari, te, »» 81 | Peenarce, ta, .. 115] Seesoo,k, .. 54 
Mango,e, «» 81 | Peengadoo, bu., 78 | Seet, be,, : 
Manja kadamba, ta.,92 | Peru maram, ta, 10| ,, bu, »» 11,8 
Mashoay, bu, .. 29} Pethan, bu, .. 29 | Seevum, A, 71 
Mavena,e, +. 81 | Phulahi, #2, .. 67} Semul,d,, » 80 
Maydi,ze, .» 68|Phuldoo,h, .. 93) Sha, dn, pe 8 
Moho ka Rad h, 23 Pilla, ta, »» 15] Shami de, Oy) 
Mohra, &., 106(6) Pindrow,#, .. 95 | Sheesham,&, .. fA 
Morinda,g., .. 90 Pinnay, ta, 38,99, 69 | Shemmaram, fa, 114 
Moolsuree, .. 86) Pogada,te, .. 86) Shumshad,&,.. 84 
Mulberry,e, «» 90] Pool da, = .. 117 *Shwetsal, be, .. 52 
Mulsari,f., +. 86| Poon, e, 38, 55,115 | Siah Toot, h, .. 90 
Muluvengay,fta., 32) y(redje, .. 39 | Sirris,e,k, .. 7 
Mungal, tu, . 19] Ponna,ie,  ..38,0| Sissuo, ¢, 4, te... 54 
Muttee,c., .. 122] Porasa,ta, .. 83 | Soap nutiree,e, 109 
Poresh be., 12a | Soimida, ta, .. Mt 
N. Portia,e, .. 125] Sohujnah, ..  &9 
Ponk, bu, « $88} Soondree, be, «6 75 
Nagee, du, .. 104] Pulasamu,te,.. 83 | Suifriam, hk, .. 100 
Narel, 4., 47} Pulass,i., .. 83] Sulla, ¢., . 
Narikel, bc, .. 47] Pundaloo,h, .. 126] Sundul,k,  .. 108 
Naryeppa, fe, .. 74) Pungra,h, .. 64] Surra kounay,éa, 42 
Nawel, ia, «. 116] Puttunga, ta, .. 36 
Neen, /., ee =: 18 | Puvandi, ta, .. 100 T 
Nellikai, ¢2., 68 | Puvumaram, tu, 110 
Nolla tooma, te, 2} Pyen kado, bu, 1» (8! Taimaram,ta, 57 
Pyen mah, bu, .. 80! Tamarind, ¢, .. 117 
0. Ta-nyen, bu, 2. 77 
R. Teak, ¢., 118 
Oak, e., +. 106 Rai, h, ed Teingyet, bu, .. 36 
Ranjana, h g | Teka, te, 118 
P ey >, oo Tella tuma, te., 5 
, Red sandal, e.,.. 108 Tendoo, h 60. 69 
Reeta ka jhar, h. 109 | peMGe 4, «60, ot 
Padouk, bu, .. 10] Tenkaia, ée., 47 
eek Rohnn, be, .- 114 ; 
Padrie, ta, +» 28} pao, Thabyoo, bu, .. 56 
pona, hy .. 114], 
Paira, be., ee §=100 Rukto Randa h.. be Tharra, té., ee 72(b) 
Pailie, ta, .. 40 (9, 103 Thayat, 6u., 8] 
Pala, ta., » 87 ; Thee-ya, bu, «2 111 
Palava, ta, + 88 g Thembakamaka, bw., 18 
Palmyra,e., .. 3 : Thorapee, bu, ..08, 39 
Panasa, te, «. 16} Sadachoo, tu, .. 72 | ‘Thevus, »» OB 
ae or bt, «+ 120) Sagoon,.. «, 118) Thingan, bw, .. 76 
Paphri,4.,  .. 98] Sain, 2., 124 | Thitkado, bu, .. 43 
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Thitsi, bw, a 
Thounben, bu,,.. 
Thoura, A, «. 
Thrinamaram, ta., 
Tileagurjun, de. 
Toon, ¢, A, ta, -« 


Toona, hy hk.» 
Toot, A, as 
Tos, k, se es 


Toukyan, bi, oe 


4) Tounbein, ba, .. 


Trincomullee, be, 
Tuki, te, os 
Tumal, bh, oe 
Tunhali, ta, 4. 
Tumida, fe, es 
Turka ve pa, te, 


U. 


Uva, ta., a 


V. 
Vaghi, ¢., oe 
Vainyra, ta., + 
Vapumn, td, oe 
Varnish tree, ¢., 
Vellaga, te, 6 


Vella kadumbu, ta, 


Vella, ta., 
Velluy naga, ta, 
Veluclam, ta, .. 
Vepa, te., ve 
Vuinmai, fa, «. 
Vummaram, fa., 


W. 


Walnut, Ly ee 
Wodale, tu, .. 
Wood apple, ¢., 
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26 
62 
43 
43 
90 
95 


119 


26 
bT 
60) 
69 
59 
83 


56 


7 
102 
18 
82 
66 
91 
66 
50 
i) 
18 
46 


Wood oil tree, ¢. , 61, 62 


-Y. 


Yeenga, bu, ». 
Yendike, bt, 
Yeotaga, ¢., 

Yimma, bu, os 
Yoong, hit, as 
Ywaigyce, bu. Lyne 
Zinbuzin, bu, ». 


5b 
52 
93 
45 
49 

9 
56 
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PROFILE FOR WALLS RETAINING WATER. 
By E. L. Asuza, Bree. Engineer. 


[First Artic.e]. 


A nigonovs theory of hydraulic retaining walls, comprehending all prac- 
tical considerations, and so furnishing results of reasonable simplicity 
ready to the hand of the Engineer is one which has never yet been laid 
down. The subject, on its purely theoretical side, is a simple statical 
problem, but on its material side there supervene conditions which are 
difficult to define, and when dofined and applied, give rise to more or 
less, and inevitably to much, of complication. 

There have been two kinds of approach to such an object. The one 
has been the introduction, by certain French Engineers, of graphical 
constructions which, while being tedious, require also from the operator 
a complete acquaintance with their theory—such acquaintance being hard- 
ly to be gained from the descriptions of their English expounders. The 
other approach is purely analytical, and is typified by the treatment of 
Rankine. This method involves equations of rotary and frictional stabi- 
lity only, in the direct method of the author’s “ Applied Mechanics.” In 
his “ Civil Engineering,” hydraulic walls are a deduction from his theory 
of retaining walls in gencral, and of this theory it is to be said that it 
involves no more than the above conditions, but affects them by a co-effi- 
cient derived from the proportions of existing works, which, rightly or 
wrongly, introduces a certain clement of empiricism. Sufficient, too, as 
these conditions are for ordinary construction, the Jaw of increase of 
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pressure of material, both retaining and retained, evidently requires, for 
extraordinary cases, a condition which, in those investigations, is wholly 
ignored. The condition, that is, of resistance to crushing in the material. 
Such s condition involves increase of base in a ratio of squares, which is 
quite incompatible with any straight sided profile, the only kind con- 
sidered. Above all, the method is difficult and abstruse, and its results 
are far from being convenient and accessible to the practical man. 

The result remains that the practice of Engineers is really the sole 
guide to design. Such empiricism, while being as safe as could be desired, 
is objectionable on graver grounds than those of mere precision. Safety 
pushed beyond a point of proved sufficiency becomes waste, and there 
may, and do largely, in this country, occur cases where the cost of the 
dam in a reservoir is the criterion (often to a few thousand-rupees) of tho 
work being undertaken. In such cases, what is called by some, “ sound 
practice,” may lead to the abandonment of a promising scheme, and the 
miscarriage may be more fatal to life and property than would be tho 
bursting of a stinted work. However ro-assuring, too, may be the ap- 
pearance of large masses of material, it is never to be forgotten that 
water most insidiously searches out defects of work, and most powerfully 
attacks them. Defects of work in building are held in check by a very 
finite supervision, which breaks down in proportion as the working face 
increases, showing an d priori advantage for restricted profiles, and an é 
fortiori advantage for such profiles in which certain portions only are in- 
dicated for the best and soundest workmanship. 

It is not proposed, in the present article, to enter into any mathemati- 
eal demonstrations. The theory on which results are founded will, with 
some inevitable repetition, be set forth fully in the end, but it is 
scarcely to be expected that any one should take the trouble to examine 
it without some preliminary satisfaction as to the nature of its results; 
besides which it may be useful to have those results in a compact work- 
ing form. 

The article is therefore confined to a statement of the leading steps, 
and to exhibiting the practical procedure recommended for the design of 
retaining walls to still water, or exposed to only moderate currents and 
waves. Overfalls and stream dams must be reserved for the present as 
they involve, under this theory, considerations which might at first be 
objected to as complex. | 
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Finally, it should be observed that the theory assumes a rock foun- 
dation. Its absence generally indicates construction in earth and puddle, 
but should masonry be still adopted, a due extension of foundations 
would have to be decided on, into which subject it is not proposed to enter. 

Admitting that the triangle is the sole geometrical figure which, being 

Fig. 1, equilibrated with a fluid pressure, is so equi- 
librated throughout, for all its parallel sec- 
tions: that is, that if ABC is in equilibriam 
against the fluid pressure on AO, Adc is so 
against that on Ac, and Ad‘c’ against that 
on Ac’. It follows that the triangle is to be 
taken as the matrix for all still water walls, 
and, by entension, it is convenient to take it 
as the matrix for all hydraulic walls what- 





soever. 
Of equal triangles, ABC, A’'BC, A”BC, under the same head of 
Fig. 2. pressure, some 

A A A will have more 


stability than 
others, and one 
will have maxi- 
- mum. stability. 
ee yee eee ee, B C Or, to take an- 
other point of view, iriangles of equal stability under the same head 
will have different bases and areas, and one will have maximum area. 
This proposition, investigated by the theory of maxima and minima, gives 
a minimum triangle of rotary stability, or, as it will be briefly called, a 
minimum profile. And this particular triangle is adopted for a matrix. 
Fig, 3. It is obtained, for water, by the following 
simple construction :— 
Given 
a == the height in feet. 
n= specific gravity of the profile—say, 
1-79 for brickwork. 
2-0 for concrete. 
2:3 for masonry. 
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Mako BC = —weenmae 
set back from the water side anna 
OF — (3 =) 2 
Jf nt +t 2n+9 

Erect FA == X. Join AB, AC. Then ABC is the minimum profile 
of which AO will be the water faco; and any other triangle of equal area 
will be overturned by the pressure. The profile will bo in oxact oquili- 
brium, and the resultant of its own weight and of the water pressuro will 
pass through its heel B. 

It will be seen that the form of this profilo depends entirely on the 
specific gravity of the material. 

The water pressure is now supposed to increase, causing the wall to fail 
on the joint DE, and ovor-turning the section ADE. 

As the movement commences, the pressures acting on the joint DE will 

Fig, 4. be more and more lightened on the water side 
of a neutral axis N, and more and more inten- 
sified on the land side of it. This neutral axis 
will, as the action continues, move towards the 
heel D, until at last tho joint will open, when 
N will have reached, and coincided with it, and 
vanished. At this instant tho whole stress 
R, compounded of the weight of the wall and 
the pressure of the water, will be concentrated on the pomt D. A wedge 
will bo thrown out, and the wall will topple over. 

It follows then, that if arrangements were made to ensure the stability 
of the wall, we have here a limit of the stress that can under any cir- 
cumstances, be brought to crush the material at its back. If then, we 
should add on material at the back of dimensions calculated to resist this 
crushing force distributed over it, we should, at tho same time, be giving 
stability by retreating tho hecl. And if it should appear that the 
amount of this retreat is sufficient to removo all chance of more disturb- 
ance (and very little should suffice to do that if we assume tho water to 
be still, to which case every other will, by proper allowances, be reduced ) 
it will follow that we have here a sufficient provision against all that can 
attend the occurrence of a failure which cannot even occur, and, 4 fortiort, 
a provision for security in the integral structure. 
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Tt cannot here be too strongly insisted, to prevent objections to the 
0o-efficients which will hereafter be proposed, that this force R is not to 
be considered as an actual force in practice, concentrated at the back and 
tending to detrude it. In practice it will really be distributed in some 
varying ratio along the whole breadth of the joint. We are making pro- 
vision for a hypothetical and impossible—a limiting and immensely ex- 
treme case, under which a quantity of material should be disposed at, and 
about the point D, sufficient to resist crushing by a certain stress R dis- 
tributed over it, and which by its own inertia must render it impossible 
that such condition of strain should ever supervene. 

Let ABC be a minimum profile. “This surface of resistance would 

Fig. 5. evidently be provided by setting ‘off 


aA_____—_—_——CO#E, OF from the back AB, perpen- 

=== dicular to R, so that EF should not 

AG F be crushed by R distributed over it. 

a ag hs ——— The result will be ensured by describ- 

! ———— ing a circle of radius OE round O, 

~\ and making the rib tangential to it. 

7 7 Cs. we do this for a number of points 


along the back AB, and draw lines tangentially between, all these circles, 
their envelope on either side will define this rib of resistance. 

Expressions are therefore investigated for P, W, and their resultant 
R, from which is deduced a general expression, in terms of the depth 2, 
for the radius p of this tangent circle. This farnishes an approximate 
equation for the rib, from the quadrature of which the weight of the 
half rib is obtained. Equations are then recast to include this weight, 
and the result is the following finished value of the radius p at any depth 
x from the vertex, p being the safe crushing strain for the material in 
Ibs. to the square inch, and 2 its specific gravity. 


9:5906 = /5n? — 8n + 9 /0°016 n ) P 


= P n'+-+an+9\ « + Seip 
p and n are constants fixed once for all, and which being inserted in 


this equation, and the co-efficients reduced by calculation, bring it to the 
simple working form 


p=a (24 y}@ 
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a, 8 and y being numerical co-efficients. By giving x successive values for 
fixed depths, the corresponding values of p at once follow. 

The co-efficient x should be fixed by experiment on the weight of 
the material. 

For the co-efficient p data are scanty and variable, safe compression 
for masonry being stated at from less than 30 or 40 to more than 100 lbs, 
per square inch. Considering the nature of this tlreory, and the fact 
that none but the sotindest work should ever be introduced into this rib, 
the accompanying diagrams are calculated on p = 100. 

At this point an analytical extension of Rankine’s theory is made, and 
a tabulation of results proves that of equally effective walls under that 
theory, those are more and more economical which have an increasing 
departure of their wator face from the vertical, the most effective being 
that in which the water facc batters to 704°, giving a base 0°468 of the 
height for masonry of 144 lbs. to the cubic foot. The straight line at 
the back of each profile in diagrams 1, 2, 3, shows the full extent to which 
Rankine’s criteria are satisfied, and also the sensible co-incidence of all 
results np to a depth of some 50 feet. It is further suggested that, to 
set all questions of frictional stability at rest, it would be well to cant the 
courses to the water. 

Finally, the profile is completed by a correction for the moderate waves 
and currents which ordinarily occur in reservoirs, the result being an 
addition to the head which, for the purposes of the present paper, may 
be taken at 5 feet. 

The net result is a wall having a plane battered face to the water, a 
horizontal top, and at back, a curved or polygonal batter forming the face 

Fig. 6. to a sort of dorsal rib, into which should be 
thrown all the best workmanship. Further re- 
commendations are that bond courses of such 
workmanship connect it with a sound and 
water-tight face, and that in view of possible 
leakage, frequent weepers be provided through 
the rib. 

The present article will be concluded by re- 
capitulating the steps to be taken in tracing such a profile as has been 
described, and Diagrams 1, 2 and 3, Plate XXXVI, are referred to for 
illustration. 
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The working height A is the height of the water eurface from founda- - 
tion, plus. 5 feet. On completion of the profile, this 5 feet will be cut 
down from the vertex, giving true water surface, and a splash wall will 
be substituted for the frustum. | 

I.—If the constants be granted as assumed, copy the corresponding dia 
gram to the depth required. 

a oe 7. II.—If other values be taken for the ccaatanis 

Draw a minimum profile, of height 

Qh (8 — ”) h 
b= Se pants 9 Nw bon td 








n being specific gravity of the material. 
Divide the height / into tens of foct from the top, and rule horizontal 


Fig. 8. lines. At their intersections with the 
eee. eee eres back AD describes circles of radius p 





given by 
p=a(£ + y)2 


ae 95906 /bnt—oBn+9- 
in whicha = —— oe (at 
B — 0-016 


AT GES MAE AE CRE eRe 


oe, — 2 
Y = "p64p 
depth below apex A 


n = specific gravity of matcrial. 

p = safe compressible strain per square inch. 
Draw tangent curves to these circles, defining the rib. 
Fig. 9. 





Cut off 5 fect from the top and the profile BEFC is complete. 
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It will be observed that this dorsal rib is the locus of a generating 
circle whose radius is a function in the third degrcc of the depth. It is 
therefore evident that at some depth, this radius will exceed the base of 
the minimum profile, which is a function in the first degree of the depth. 
Beyond this depth, the water face will cease to be a plane, and these 
expressions will cease strictly to apply. 

The depth will exceed any that are ever likely to occur in practice, but 
it will be well to note it as a corroboration of this theory that where this 
point ¢¢ reached, the hypotheses which have been hero called extreme, are 
realised, and our limiting strains become actual strains. Thatis to say, 
beyond these great depths the profile is only sufficient, and the straight 
backed profiles fail. This, too, is a corollary from the increase of pres- 
sure by squares. 
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No. XLII. 
THE PLANIMETER. 


By Joun Etuiotr, Esq., M.A., Fetlow of 8t. John’s College, Came 
bridge, and Professor of Mathematics at the Thomason C. E. College. 


Tus object of the present article is to describe the planimeter, and to 
prove mathematically the property upon which its construction depends. 

The planimeter is an instrument devised to measure by mechanism 
plane areas bounded by any curve whatever. 

Several have been constructed by different inventors, all of which are 
apparently founded on the same mathematical property, The one in 
most common use is Amsler’s, and of this several kinds differing in 
arrangement have been constructed. The simplest form is that shown in 
Fig. 1, 

A is a loaded disc, which rests on the table and serves as a fixed sup- 

Fig. 1. port for the instrument, At its centre B is 
an upright pin upon which turns the arm 
BC, to which at C is hinged the arm CD. 
The tracing point D can be moved in any 
direction over the paper. Exactly in the 
straight line CD is the arm E of the small 
wheel F whose edge rests on the paper, and 
whose centre is vertically below the inter- 
section of CB and CD. When the tracing 
point is carried round the outline of any figure (the fixed point or support 
of tho instrument A being external to the figure to be measured) so as 
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to return finally to the same point whence it started, it will be shown 
ihat.the distance -rolled. by the edge of the wheel F multiplied by the 
Vaigth of the arm CD, ia equal to the area of the figure’ bounded, by, the 
“onrve described by the moving point. The distance rolled by the. wheel 
ig: neasured ‘by. a graduated ‘circle and vernier, not shown in the figure, 
" ooinplete revolutions of the wheel being indicated by a second wheel driven 
‘by sti endless screw on the shaft E. It is also evident that by a proper 
sub-division of the wheel (depending bn the length of CD) the numbers 
indicating the distance rolled will at once give the units of area contained 
within the given bounding line. 

An improved form of the instrument is shown in the accompanying 

Fig. 2. 





diagram (Fig 2). It is that termed the Polar Planimeter, and is the ono 
now in general use. 
The chief points of difference between this and the one previously des- 
eribed are the following :— 
1st. The centre of the rolling wheel is not necessarily vertically under 
the point of intersection of the two movable arms, but may be 
at any point in or beneath the arm NO. 
2nd. The arm NI (Fig. 2) corresponding to CD of (Fig. 1) may be 
lengthened or shortened at pleasure. The object of this will 
be stated presently. 
The details of its construction are as follows :— | 
A bar BC carrying a needle point at B, and loaded disc A, is attached 
at the point B to the surface to be measured. At the other end C of this 
bar, which is cranked to escape contact with the portion GFK of the in- 
strament in certain positions, a pair of vertical pivots ave centered, so that 
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the bar moves freely upon them in a horizontal direction. The axes of 
the pivots aro upon a frame which carries the calculating apparatus, con- 
sisting of a roller (E) fixed on a horizontal spindle carrying a divided 
dram (D), which divides the circumference of the roller into 100, and by 
vernier into 1000 equal portions. Upon the horizontal spindle a worm 
(not shown in the figure) is cut. This by a pinion (F), moves the 
small disc G, which is divided to register the number of complete revolu- 
tions of the roller. The frame which carries tho calculating apparatus and 
bar described has a tubular fitting HI, in which slides, and is adjusted by 
the screw M, the bar ON which carries the tracing point at N. This bar 
ON is divided by various lines indicating different adjustments. 

It is, for any one of these, moved along the tube until the correspond- 
ing line exactly co-incides with the edge I of the tubular fitting. The 
planimeter as ordinarily supplied is usually marked with the following 


scales :— 


1 sq. dem. t.€, one square decimetre. 

O*1 sq. ft. ” 0°1 square foot. 

2000 sq. m. 2000 square metres, 

1: 500 ” on a scale 1 : 500. For every rotation 
10 sq. in. ‘i 10 square inches. of the roller. 
0-5 sq. dem. a 0-5 sq. decimetres. 

1000 sq. m. 1000 square metres. 

1: 500. : on a scale 1: 500. 


It will be sufficient to explain two of these to show the method of 
using thom. Suppose first that the line corresponding to 0-1 square 
foot co-incides with the end I of the tubo, and that the instrument is 
placed into position to measure any area. The distance traversed by the 
rolling wheel as measured by the two registering wheels D and G will give 
the area in units, cach equal to one-tenth of a square foot. That is, if 
the wheel G registers 5 complete revolutions, and the drum and vernier D 
{i55, or °435 of a revolution, the actual area of the figuro to be measured 
will be 5°485 x 0°1 square foot, or ‘5435 square feet. Similarly for the 
markings 10 square inches, 1 square decimetre, 0-5 square decimetre, 


The expression sig i metres | indicates that if employing a scale 


of 1 : 500, the unit of measurement being the metre, any area be laid 
down on paper, and the planimeter be employed to determine the area in 
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the usual manner, then each revolution of the rolling wheel will corrospond 
to 2000 square metres of actual area. 

Thus, supposing the same number of revolutions made as in the previ- 
ous case, the area;would be 5:435 x 2000 square metres, or 10,870 square 


metres, The remaining scale 0 GG metres \ is to be understood in 


® similar manner. 

Besides these there are usually other numbers engraved along the top 
of the bar. These vary in different instruments, and depend as will after- 
wards be seen, on the lengths of the arms BC and CN, and the distance 
of the wheel from the point of intersection of the movable arms. These 
are in the one supplied to me 20°778, 20°776, 22°1380. They arc employed 
when the fixed point is placed within the figure to be measured. 

Method of use of the Planimeter in measuring areas. Slide the frame 
along the bar until tho line indicating the required denomination of area 
is adjusted in the manner already stated. Thus if measurements are in 
inches, set it to the line adjacent to scale 10 square inches. Each revolu- 
tion of the wheel will therefore indicate 10 square inches of area. It is 
then placed upon the paper in the manner shown in the engraving, the 
fixed and loaded point being placed if possible outside the figure. The 
reading of the instrument is then taken. Thus suppose the horizontal 
disc reads 8, the drum of the vertical roller 74, and the vernicr 6, this 
will give the complete reading 8:746. The tracing point must now be 
moved carefully and slowly to follow the outline of the figure from left 
to right, so that the wheel may rotate in the direction corresponding to 
the increase of rotation as registered by the wheels, until it returns to 
the starting point. Suppose the reading to be now 10°625. Then the 
difference between 10°625 and 8-746 or 1:879 indicates the namber of 
revolutions made by the roller, and since each revolution corresponds to 
an area of 10 square inches, the total area measured is 1°879 x 10 square 
inches, or 18°79 square inches. 

The rule therefore when the fulcrum is outside the figure is— 

Multiply the difference between the initial and final readings for a 
complete revolution by the number engraved on the bar corresponding to 
the particular adjustment. 

If the fixed point is placed inside the figure to be measured, as must 
be done in large areas, (if we wish to avuid the labor of dividing it inte 
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smaller areas, and taking the sum of these for the whole), the calculation 
includes the use of the figures engraved on the top of the bar. Thais 
suppose the adjustment is as before for inches, and that the correspond- 
ing number on the top of the bar is 22:130. This must be added to the 
second reading before the first reading is subtracted. Supposing the 
initial and final readings were the same as in the preceding case, the 
following would be the determination of the area. 

Second reading, sv ss a8 ses »  10°625 

Add number engraved cueing to 10 square 

inches, sae ge ous os sive we 22°18) 





32°755 
Subtract the first reading, ... Wide sa --- 8-746 


je 


24-009 
10 


remanence 


Multiply by 10 (since each revolution = 10 square inches,) 240-09 square 
inches == area of given figure. 

The rule when the fulcrum is outside the figure is :— 

To the second reading, add the constant quantity engraved on the 
upper face of the bar, corresponding to the given adjustment, and multiply 
the difference between this and the initial reading, by the number of unite 
of area corresponding to each revolution of the instrument. 

When the fulcrum is placed within the figure to be measured, it will 
sometimes happen that the horizontal disc (which only records ten 
revolutions of the rolling wheel), will go through more than one revolu- 
tion either forwards or backwards. In that case we must add 10 for 
each complete revolution, observing that if the dise passes the numbers 
moving forward as 8, 9, 0, 1, 2, &c., for each revolution, 10 is added to 
the second reading, but if backwards as 2, 1, 0, 9, &c., if must be added 
to the first reading (which is equivalent to the direct correction of sub- 
tracting it from the second reading). The reason of this is obvious. 

I shall first of all prove the principle for the simplest case, that in 
which the wheel is at the intcrsection of two limbs of equal length, some- 
what fully, as it will simplify the processes of integration, and supply the 
key to the more difficult cases. 
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Suppose QC’C to be a small portion or arc of the curve bounding 

Fig. 3. the area to be measured, C and C’' being consecu- 
tive points; OB, BC the position of the arms for 
the first point C, OB’, B’C’, their position for the 
consecutive point 0’. Assume OA asa fixed line 
of reference, and let 2 COA=0, 2 BOA = 4, 
OB = BC = OB' = BO’ = a, and CO = «. 
Then BB’ (a small arc of the circle whose radius 
is OB) is the space described by the extremity B 
of the arm OB, corresponding to CC’, the arc 
described by the tracing point. 

The wheel at B only moves in a plane perpen- 
dicular to BC, or B’C.’ Draw therefore BD at 
right angles to C’B’ meeting C’B’, or C’B' produced in the point D. 

Then since the motion BB’ is equivalent to the motion BD, (perpendi- 
colar ultimately either to BCor B’C’, if the arc CC’ is taken small enough) 
and the motion DB’ in the direction BC or B’C’, and that the rotation of 
the wheel only measures motion in the direction perpendicular to BC ot 
B'O’, BD will ultimately be the space rolled through by the wheel as the 
arms OBC pass to the consecutive position OB'O’. 

Also since BOB’ is the small change in the angle ¢ it may be denoted 
by dg (@ and dg being expressed in circular measure). 

Hence arc BB’ = OB x do 

= ado 
Also since BDB’ is a right angle, BDB’ may be considered to be a 
right-angled triangle. 
.. BD = BB’ cos B’BD 
= acos BBD . dg 
= a cos (x — OBC) dg, ultimately (since OBB’ and CBD 
are then right angles). 
= acos2 BOC . dg 
— acos 2 (0 — ¢) do 
Also the total space described by the whecl = the sum of the clemen- 
tary spaces BD 





= fia cos 2 (6 — 9) dt 
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Total space described by the wheel x BC 
= fo Cos 9 (0 — ¢) dg. avacsccrsaccovscvecesse-( Je 


= fa! cos 2 (8 — 9) { do — a(6 — 9)} 

= fa cos 2 (8 — 9) do ~ fa" cos 2 (0 — 9) d (0 — ) 

= Ja 9 cos’ (9 — 9) — 1} do — fa? 008 2 (0 — ¢)d(8 — 9) 
= f'2a* cost (8 — 9) d0 — a’ do — ee ae ae 


= [75 40 — fa’ do -fe@ cos 2(8 — $) d (0 — P) soserovee (2), 
since evidently r = 2a cos (0 — g) 
Now for a complete revolution when the fixed point is external to the area, 
6 and 6 — ¢ return to their original values, and then by the principles of 
the integral calculus the second and third integrals of the expression (2) 
vanish, and hence ; 
Total space described by the wheel x BC 


= f = d@ taken between the limits of @ for a complete 


revolution. 
= area of the figure. 

If the fixed point is internal, 0 will in one revolution increase from the 
initial value 0’ to 0’ +- 27, and @—g return to its original value. In this 
case, the last integral in expression (2) only will vanish, and then the 
total space described by the wheel x BC 


_ fart 1 Paton. 
=f. 5 da Si a’d@ 


= area of curve — 2ra’, 
or area of curve = 27a’ +. total space described by the wheel x BC. 
In this case we see that the constant quantity 2ra? must be added to 
the total space described by the wheel multiplied by BC, to give the area 
enclosed by the curve. This number 27a? may (as is usually done) be 
converted into revolutions, and added to the number recorded by the 
wheels. . It then would correspond to the numbers 22°130, &c., already 


pointed out as engraved on the top of the bar, and is of course constant 
for the given length a of the bars. 
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Secondly. Suppose the wheel is attached at a point not in the same 


vertical lino with the point of intersection of the Fig, 4. 
arms. 


Let OB, BC, OB’, B’C’ be the positions of the 
arms for two consecutive points C and C’ of the 
curve. 

Let E be the point in BOC giving the position of 
the wheel. 

Draw CH, BD, EF perpendicular to B’C’. 

N is the point of intersection of BC and B’C’ or of 
two consecutive positions of the arm BC. 

EF is evidently the small arc described by the 
wheel during the change from the position OBC to 
OB'OC’. Employ the same notation as in the first 
case, and let BE = c, and Z OC'C (or the angle which the radius rector 


makes with the small portion of the curve CC’, or ultimately with the 
tangent at O or CO’) be denoted by y. 


Then since 4 OCB = 4 BOC =~ 0—9,2 BCC=x—-0 +4; 
also CO’ = clementary arc of curve — ds 


., In the right-angled triangle IICC’, CII = ds sin (x — 0 + 9), 
whence since CH, BD, EF are all parallel, 


EF = BD — Gq (CH- BD) 
= BD(1 + <x) — Gy On. 
= (1 + —) a cos 2 (6 — 9) dp — — sin (y — 6 + 9) ds 
= (a + ¢) cos 2 (0 — 9) dp — —sin (x — 0 + 9) ds 





= (a + c)cos2 (0 — 9) dg -— £ (sin x cos (9 —9)— cos xsin(6 —¢) | ds. 
But sin x de = ro .ds = rdé, 
and cos x ds = fas = dr. 


c 


°, EF = (a+c)cos2(0—¢)dp — — ! (r cos (0—¢) d6 —sin (0—g) dr, | 
also r == 2a cos (0 — ¢) 

“. dr = — 2asin (@~— 9)d (0—¢) 
whence EF =(a + c)cos2(0 — o)dg — 2ccos’(0 — »)dd — 2csin’(8 — ¢)d(A—¢d) 


464 * THE PLANIMETER. 


= (a + c) cos 2 (0@—@) dg —2e cos* (@— 2c os" (9 ’ 
— 2¢ sin® (0 ~ ¢) d (6 ba lanl : fs Oe ay, 
= (a + c) cos 2 (¢ — $) dp —¢ {1 + cos 2 (0 =. oF: or te 
” = @ cos 2 (0 ~ g) dg-— — odg — eae). . * 
=. cos 2 (6 — 9) dp + cp — 2c a0 eee 
and total space described by the wheel in a eottipleie rn. x BG 
= a (EF) 


= fa cos 2 (8 — 4) dy Sunes Pails 2 | 


the limits of @ and g being taken to correspond to a complete revolation, 
in which case the integrals I acdg and JS 2ac do vanish, and therefore, 


the total space described = f a’ cos 2 (6 — 9g) dg 
= vA = d@, as in the previous case. 


The proofs in the more difficult cases will be given much more briefly. 
Thirdly. Suppose the arms are unequal, and the centre of the wheel 
as before, at the intersection of the arms. Assume OB, BO, OB’, B’O’, as 
in the preceding, to be the positions of the arms for two consecutive points, 
OA the fixed line of reference, and let (see Fig. 3). 
ZBOA=9; 2 COA=e. Zz OCB=¥F 
OB =a:BC=8,0C=,r. 
Then elementary space described by the wheel = BD*= BB’ cos DBB’ 
= ad cos (0 ~— ¢ + WF) 
Hence total space described by the wheel in any finite motion x BO 


ab cos (0 — ¢ + WP) dg 


pea dp -ft do _f{- d (0 — g) ...(3). 


We also have— 





@ sin (0 — $) = DB BIN V, ..ccccccrcsssccsoosces (4)e 
5 2008 (6 — g) d (6 — g) = 8 C08 FAW, 2... -cccccerceneee (5) 


and f° ——F— 4 (0 — 9) = fab 005 (6 — 9 + ¥) a (0 — 9) 


= ab J cos (@ — »)cos ¥ a (0 — 9g) ~ ab f sin (0— 9) sin ¥d(0 ~ 9) 
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= fe cos ed ¥ — fe sin’ (@ — g) d(@ — g) from (4) and (5), ... (6): 
Substituting the result of (6) in (3), that expression becomes | 
‘ft; 2. B? — 

yO fF db — [dco eae + fa sin® (8 — 9) d(0 —9) (7). | 
which for s complete revolution, (the fixed point being external to the 
figure) reduces to 

JS - d@ (taken between the proper limits of @) 


| s aren Of CUTVC.......c0sccceccee senses woe (8). 
If the fixed point be within tho figure, the expression (7) is equivalent to 


2 2 2 
- dp — ft" a — Fdv— fF costed 





+f°% d(o— 9) — f'S cos 2 (0 — $)d (0-9) 


ou Qe + oT do — x(a’ + BY, 


4 


= J » : 
since ¥ and (@ —¢) return to their original values in a complete revolution, 
— area of curve — 7 (a? + b) PT erererrrerelL yy yer ° (9). 


which may be interpreted in the same manner as 
the preceding similar case. 

Lastly. Suppose that the centre of the wheel 
is not placed vertically below the intersection of 
the arm, but at any point along BC. 

Let E be the position of the wheel. Then 
EF parallel to BD will be the clementary arc 
described by the wheel. 

Let BE = ¢, and the other lines and angles of 
the figure be denoted by the same letters as in 
the previous case. 

Draw CH perpendicular to C’B’, and let 9 





ZCC’'O0 = x. 
Then CH = CC' sin CC’ B’ 
= ds gin (yx — W) cececcsce cece suiasidabaseseosasas seuieuisls . (10). 
and BD= adg cos (0 — $+ Y)ssseeees atokass ssvrsccocscssccscseoes (11), 


whence since EF, DB and CH arc all parallel, 
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EF = BD - & *5 (OH — BD), 
= BD (1 1.28) 7 CH, 
= (1+ F) acos (@— 6 + ¥) de — = sin (x — ¥) da, 


= 50 T9 og (9—g-+¥)d =~ { sin x, 008 ds ~ cos x sin de } 


cr cos(0—9 + ¥)dp— — 5 { reos yd) — sin var}... covee( 12), 
Againrcos ¥ = exes Suaieenaeaieneds (13). 


and r == b cos ¥ + acos(? — ¢) 
 dr= —bsin¥ d ¥ — asin (6 — 9) d (6 — 9), 
and sin ¥ dr = — dsin? ¥ de — asin (0 — ¢) sin ¥d (0 — 9) 


= — bain’ ¥ a — sin? (0 — 9) d (0 = 9) we. csseee( 14). 
whence substituting (13) and (14) in (12), that aan becomes 
20°F) ed (0—¢+ ¥) dp—> 5 | a sass do+bsin’ ydy+- ein! (0— 6)d(0—9) } 
a the space described by wheel during finite motion x BO 
c= fa(b+c)cos(6—9+¥)dp—c a“ ay — be  frinrvan— 5 gin?(O—%)d(6—9)(15) 
But by the eer aes from equations (3) and (6) 
a feos(0-9+¥)d9= 5 [0 [ao — foeostvdy + fF sin'@-9)d(6-4) 
Substituting this in (15), the expression becomes— 
vite us “7 a— te f(e+v) dé — b(b + ¢) eos vd¥ a ae CFO f sit (0—$)d (6-9) 
— < fF 0-5 fV—a) da — be frin’ vaw — frit (0 - 9) d (0 = 9) 
= [0 fH, et obo f dol hale re  feinX0-#)d( 0-9) 


= S= 7 @ for a complete revolution when the fulcrum is within the 





figure, | 
and = S$ ~~ G9 —~ x (a? + + 2bc), for a complete revolution, when 


the fulcrum is outside the area to be measured. 
J. EB. 


NOTES ON FLOORS IN BOMBAY. 457 


No. XLIII. 





NOTES ON FLOORS IN BOMBAY. 
[Vide Piate No. XXXVIL] 


By J. H. E. Hart, Esq., C.E. Acting Superintending Engineer, 
Bombay. 


Ix the pubfic buildings lately constructed by the Government of Bom- 
bay, flooring as illustrated in the accompanying sheet of drawings 
(Plate XXXVII.,) has been adopted by Colonel Fuller, R.E. 

The following is a brief description:—The framing of the floors gene- 
rally consists of iron or teak wouden girders, resting on stone bed plates, 
and placed at distances apart of from 8 to 10 fect; on these girders are 
fixed joists of teak wood, at a distance apart of one foot, from centre to 
centre. Slabs of stone, bricks, or board, with concrete thereon, form the 
body of the floor; and on this are laid boards, Minton tiles or Mosaic 
work as a surface. 

Fig. 1 shows the general arrangement of girders and joists in plan. 

Fig. 2 is a cross section, taken on line AB in Fig. 1, of a floor 
composed of iron girders and rectangular wooden joists, with concrete 
between. The concrete is supported by short boards, fixed on fillets be- 
tween the joists, and the floor-surface is formed of Minton tiles, laid in 
Portland cement, on the concrete. The boards are either bevelled and 
lapped, or tongued, grooved and beaded. 

Fig. 2A is a cross section of the above, on line CD, to an enlarged 
scale. 

This. description of floor is used in the New Secretariat Building ; it is 
finished off underneath as a ceiling, by boxing the iron girders, and cham- 
fering the joists and surfaces. 
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‘Fig. 8 is a similar arrangement of girders and joists, but in which the 
concrete is supported on slabs of Porebunder stone, 24 inches thick, laid 
on the top of the joists. 

Fig. 3A is a cross section of the same to a large scale. This floor is 
largely used in all the Public Buildings, and is finished off below by 
painting the under surface of the slabs white, and the wood-work a suitable 
light color. 

A similar form of floor is used in some buildings having, however, the 
girders of teak wood, instead of iron. 

Fig. 4 is an arrangement of wooden girders and wedge-shaped joists, 
between which bricks-on-edge are jammed by the shape of the joists. On 
these concrete; and teak boarding, tongued and grooved, forms the floor 
surface. The ceiling below is formed by teak planking, with bevelled 
edges, which is varnished. 

Fig. 4A is an enlarged cross section of the above, on line CD. This 
class of floor is largely used in the new Public Works and Post Offices, and 
in the Native General Hospital. 

Fig. 5 is a cross section of a flooring, used in the Sassoon Mechanics 
Institution, formed of brick arching, concrete, and Minton tiles, on iron 
girders. Fig. 5A is a section of the same at right angles to the girders, 
and line of arching. WAR AL: SAR SUNG BAMADUR 

The ceiling below is formed of ceiling joists and painted boarding. 

Another class of flooring, not shown in the drawings, is similar to that 
represented in Fig. 4, except that concrete (kept in position while setting 
by temporary boards) is used, instead of bricks-on-edge. The floor sur- 
face is formed of Minton tiles, and the ceiling is of varnished teak planking. 
This construction was adopted in the Elphinstone College Buildings. 

The concrete used in the floors is formed of equal parts of Porebunder, 
chips and mortar, the mortar being made with equal parts of Salsette lime, 
and sand, ground in a bullock mill twice, at an interval of four days, 
the grinding being continued for 2 hours each time. 

The Minton tiles are the encaustic tiles, made under patent in England. 

The Mosaic work floor surface has been recently introduced as an ex- 
periment into Bombay by an Italian firm, and is Jaid down in the New 
Post Office. It is formed by small cubical pieces of marble, of varions 
colors, embedded in a matrix of cement. 

The cubes are arranged to form patterns and are afterwards rolled in, 
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the surface being then polished. The cost is from Rs. 1-8 to Rs. 2 per 
square foot. 
The effect is very good, but its lasting powers remain to be tested. 


The following is a Table of the dimensions of the various parts of the 
above floors :— 


Girders 10 feet apart. Jviste 1 foot apart. 





Names of buildings. 






























































Epan in feet. | rs o | Span in feet. oe = 
bd. d. b. ad. 
New Secretariat, 25 to 26°5 12" x 18" 9 to il 3° x 8 
The Iron girders are 20 3h" x lle 
as shown in drawings, 
the span being 30 feet. 25 4" x 12" 
19°5 10° x 164 10 3° x & 
Public Works Offices, 
23 12” x 18” 
20 to 23 12” x 18” 7} to 10 3° x 8 
Post Office, 25 to 27 13” x 20° 10 ,, 134 3h° x «69 
32 14” % 22 | 15g ,, 193 4" x 10" 
18 to 20 10” x 18" 7 to 4 3 x «7 
Native General Hospital, 


21 to 24 12” x 18" 


The weights of these floors and of the matcrials composing them are 
as follows :— 
Tron girders, flanges, .. ‘fe ws 4 Lirons 3" x 3° x a’: 
2 plates 74° x 4” : 
Web 22” x 4° 
Span 80 feet; length 32 feet; weight 273 cwt. ~ fit SG 


Teak wood, .. 7” oe ai 42 lbs. per cubic foot. 
Porebunder slabs 24 inches thick, .. 136—i,, a 
Brick, ee ee oe ee ee 102°3 ” ” 
Concrete, i ee oe ee 9 ,, - 
Minton tiles }-, oe < ee 147 3 ‘5 
Structural weight of floors from 80to90 si, - 


Casual weight, a crowd of people, 8ito90 3 ” 


460 NOTES ON FLOORS IN BOMBAY. 


The component parts of the above “ structural weight” are as follows :-— 


Iron girders, 95 to 8:1 Ibs., per square foot of floor. 
Wooden do., } 6B 
12° x 18” average, ‘s ” se 


Joists 3° x 8’, } 70 
Average, 

Porebunder slabs, } 28-4 
2 inches thick, 


Concrete 3" thick, 37:0 Pa ” ” 
Minton tiles, .. 6:2 is ” ” 
Boarding 1" thick, 385 ” ” ” 
Fillets 2° x 1’, - 12 9 ” %9 
Bricks, oe oe «644 to 54 ” ry} 99 


The following is the cost in Bombay of the several items of work in 
floors of about 24 feet span per 100 superficial feet of flooring. 


BS. A. P. RS. 
2:04 c. ft. Basalt bed plates or templates,@ 2 0 0 perc. ft, . 4:08 
5°90 cwt. Wronght-Iron girders, @ 13 00 , cwt, . %7670 
12:24 c. ft. Teak girders, @ 8120 , «ft, . 45°20 
1763 4, 9, Joist, @ 3 80, ” - 61°80 
70 5, os wall plates, @ 3 00 , ‘ ; 2'10 
100:00 s. ft. Slabs of Porebunder stone, @120 0 0 per1008f£,. 120-00 
25 to 83. c. ft. Concrete, 3” to 4" thick, @130 00 ,, ,, c.ft.,. 84 to 45 


100 s, ft, Minton tiles (6s. pattern), @ 70 00 ,, 100No,. 70:00 
Note.—The price of concrete includes consolidation, and upper surface of plaster 
of fine chunam. 


BomsBay, } 
28th March, 1872. J. H. E. H. 
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No. XLIV. 
ON THE MODULI OF ELASTICITY AND ON DEFLEXION. 


By Lrevr. Aryan Cunninenam, R.E., Hony. Fellow of King’s 


College, London, and Offy. Professor of Mathematica, Thomason 
C. E. College, Roorkee, N. W. P. 


Tus paper is an attempt to harmonize several sets of formuls and tables 
relating to elasticity and deflection, which without some explanation ap- 
pear discordant: as a matter of fact the want of this explanation in 
received text-books proves a matter of considerable confusion to Students. 

The quantity termed ‘ co-efficient” or “ modulus of elasticity,” and 
denoted by the letter E., is indifferently applied by many writers to three 
distinct constants cxpressing three distinct physical properties of any one 
material. 

They are all three really only the quantitative expressions of Hooke’s 
law of elasticity, viz., ‘‘ut tensio sic vis,” i.e., that stress is proportional 
to strain within certain limits (called the limits of elasticity), under the 
three principal applications of external force, viz., Extending, Compres- 
sing, and Transverse. 

The values of E corresponding to these three different applications of 
external force should be derived from experiments on loads applied in 
each of these three manners. 

These values of E may be distinguished as follows :—~ 

E; derived from experiments on extension under tension. 

Ee 7 * contraction under compression. 

Ea s 3 deflexion under transverse load. 
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The practical usefulness of this paper is in pointing out the numerical 
relations between these quantities, which are important for the reason that, 
in most Treatises on Zigher Applied Mechanics, Ki, is the quantity used 
throughout all formule and investigations, but the numerical value of Ey 
ss alone accessible for many materials, (this is certainly the case with 
Indian woods,) and the particular Ea of diferent tables is different. 


Determination of FE, and E,. 


Extension and Compression being both direct in action and normal to 
the transverse sections of the material strained, the quantities E, and E, 


are derivable from the same formula, thus, 
If » = intensity of stress in Tbs. per square inch of transverse section. 


1 = length of piece to be experimented on in inches. 
strain, (7.e., extension or contraction) produced by the stress p 


o 


ol = 
in inches. 
Then by Hooke’s law of elasticity, 
él: [=p : a constant quantity (provided the intensity of strain 
ci <- J does not exceed the limit of elasticity). This constant is what is 


denoted by E. . 


E is of course either E, or E, according as the strain is an extension 
or contraction. | | | 

It is a remarkable thing that the strains, i.¢., extensions or contractions 
under equal loads are for many materials approximately equal, and that 
consequently Ei, and E, are approximately equal. It.seems to be generally 
accepted in the profession that for practical purposes the values of E, and 
E, may be assumed to be equal in building materials. In fact all the pre- 
sent treatment of Higher Applied Mechanics depends on one consequence 
of the above, viz., that the neutral surface of a beam under transverse load 
passes through the centre of gravity of every section. 

It is especially to be noticed that the direct experiments necessary for 
the determination of E;, and E,, (and more particularly of E.) are very 
expensive and difficult. But on the assumption that they are equal, the 
value of H, (2.¢., E, or E.) may be determined indirectly through experi- 
ments on the deflexion of beams which are far less expensive and easier 
of execution than those on direct extension and contraction. 
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A straight bear of uniform rectangular section is placed on two sup- 
ports on same level, and loaded at its middle. 


Let 7 = clear distance between Supports in inches. 
L = the same in feet. % Ba ls 12 


== breadth of beam in inches. d == depth of beam in inches. 
W = total load applied at middle in Ibs. 


é = deflection at middle produced by W in inches, (7.¢., neglecting 

the weight of beam). 

Then it is proved by theoretical writers* ( provided the limit of elas- 
ticity is not exceeded ) on the three following assumptions.— 

(1). Hooke’s law of elasticity, 

(2). That the neutral surface passes through the centre of gravity of 

every cross section (i.e. that K, = K, ) 
(3). That the total deflexion 3 is small. 
Then 6 = pu whence E, = ror 
From this equation, E may be calculated if 5 be observed. 


On the co-efficient Ha. 


‘- The most important writer, both as experimentalist and theorist on 
this quantity is Peter H. Barlow. The experimenters on the Indian 
woods seem all to have followed his method, and have deduced Ey (not 
E, which has been already indicated as the most useful) from their experi- 
ments. 

Barlow’s chief merit is as an experimentalist: in his attempt to con- 
struct formule. theoretically for cases not experimented on, he is not so 
successful, and has made at least one serious mistake, which has unfortu- 
nately been copied into some of the Indian text-books. 

His method is as followst. He investigates theoretically the deflexion 
of @ straight horizontal beam of uniform rectangular section, under the 
following four conditions :— 


Case (1). As a cantilever loaded at free end. 
ys (2). »» cantilever uniformly loaded. 
9 (8). », beam supported at both ends loaded at middle. 


« See Rankine’s Manual of Civil Engineering, 6th Ed., Art. 169. 
’ ¥ Treatise on Strength of Timber, &c., by Peter Barlow. London 1845. 
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Oasis (4). hi as beain supported et both edi; wifey 
"He endeavors to establish that in each case the following quasity ey we 
is a constant quantity depending only on “ ensieciel in ie case withia 


the limits of elasticity. 
Case (1). Assuming only (1). Hooke’s law of. clasticity. 
. 3 (2). That the deflexion 2 is very ‘emall, 
He proceeds to establish the differential equation of the deflexion curve, 
or “elastic curve,” assumed by the originally horizontal lines of the beam, 
and after integration by a method analogous to that still employed by. all 


writers on physics, establishes the result a a constant quantity,” which 


he there denotes by E, (i.¢., Ea, ) depending only on the material. 
He also establishes the same result by a circuitous process of approxi- 
mation for the benefit of readers not acquainted with the integral calculus. 
Case (2). By thesame circuitous process he establishes that in this case 


< : saad == Ea, the same constant as in Case 1. 


Case (3). He endeavors to establish this case from general considera- 
tions without reconsidering the form of the deflexion curve, and herein 
he decidedly fails. The writer considers Barlow’s line of argument in 
this case (from general considerations) an unsafe one, requiring very 
great caution, as it involves several mere assertions (unproved) as pre- 
misses. 

His principal premiss is that this case is similar as regards stress (called 
by him strain) to that of the same beam supported freely at its middle, 
with the projecting free ends loaded each with half the load. His inference 
is that the element of deflexion, and consequently also the whole deflexion, 
in the former case are respectively double of the element of deflexion and 
of the whole deflexion in the latter. 

This inference is (in the writers’ opinion) wrongly drawn from the 
premiss. The inference naturally deducible appears (to the writer) to be 
that the two quantities, viz., the element of deflexion and whole deflexion 
are respectively equal in the two cases. 

This error of course vitiates the result which Barlow deduces, viz., 
as: al == Ey, the same constant asin Case. * 

The result logically deducible is (in the writer's opinion) that ,, 


cmd . == Ey the same constant as in Case I. This mistake appears to 


| ON fam erat oF ‘uiaptscrre au. om Sar, sy we. 


Sa isa divcovered | nk author after the publication: of ‘the edition of 
EG: the intermedia ditions are not accessible to the writer, but at any 
até, in the 6th edition i in 1867 , the correct inference, viz., that ts a 
a= Ey the same constant aa in Case 1, is drawn from the very aame line of 
“argument, reprinted almost verbatim, but without any remark as to the 
reason of change from the 1845 edition. 


Case (4). By a repetition of the processes as in Case (1), he shows that 
the deflexion at the middle in this case is § of the deflexion at the middle in 


Case (3), and consequently that § x 35 -zx- ai == E, the same constant as in 


Case (1), according to the edition of 1845, and that § x th x ow =: K, 
the same constant asin Case (1), according to tho last edition a nae 
The four preceding results were obtained for beams of the same breadth 
and depth. 
He a establishes from the same two assumptions as before, 


that E co “i so that his four formule become after rejecting for simplici- 


ty’s sake the factor 8. 


Case (1). aa == a constant quantity. 


» (2). §. Sas = a constant quantity. 
» (8) gyof, or yy of ee ane = a constant quantity. 


» (4) & X ge of, or§ x of LW : a 3 = a constant quantity. 
This constant quantity, the same for all the formule (which is evidently 
three times that used in the investigation) he proposes to denote by H 


(i.¢. Ha). 
Having established the four preceding formule on theoretical grounds, 
he proceeds to test one of them experimentally: the one chosen was Case 


3 
and consequently : a. a constant quantity. 








(3), viz, that <7 
This case was no doubt chosen in consequence of the greater facility of 
performing the experiment (on a beam freely supported at the ends, and 
loaded at its middie) than in the other three cases. 
The result was that from a very large series of experiments, this for- 
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mula (taken by oe ay proved correct ; that is to say, it proved to be true 
that the quantity —™ - a 5% constant quantity depending only on the nature 


of the material. i 
Up to this point, it may therefore be considered to have been established 
by eee both theoretically and caperimentally, that in his Case (8) the 


quantity —~ is a constant quantity depending only on the material, and 


me 
that the equation aid == s constant, is really the expression of a physical 


law. No experiments are recorded on the other three cases, so that no 
perimental test of the comparative correctness of the four numerical 
co-efficients 1, #, ss, & x aly was established. It has already been 
pointed out that these should be as 1: $: yy: § x qo, as in the latest 
edition. | a 

It should now be noticed that the result established, hcg theoretically 


and experimentally by Barlow for his Case (3) that - a = a constant 


quantity, depending only on the material is consonant with that obtained 
on theoretical grounds previously, viz., that in this same case of a straight 
horizontal beam of uniform io ae section supported freely at both 


ends and loaded at the middle pal = E,, which is of course a constant 


for the material. 

The essential difference in the two modes of investigation is that Bar- 
low makes no hypothesis as to the position of the neutral axis, whereas 
writers who use I, usually make the additional hypothesis that E, = E, 
which involves the neutral axis passing through the centre of gravity of 
each cross section. 

Determination of Ea. 

It has been observed that experiments on deflexion of beams are far’ 
more easily conducted than those for the direct determination of E, 
and Ey. 

Most of the recorded values of Ea have been determined from experi- 
ments on the deflexion at the middle of straight horizontal beams of 
uniform rectangular section freely supported at both ends and loaded at the 
middle, only in consequence of the comparative ease and inexpensiveness 
of experiments so arranged. — 
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Unfortunately, however, the recorded values of Ea have been calculated 
by different exporimenters from different formule, so that although 


actually expressing the same physical property, viz., that ah is a con- 


stant quantity for each material, they differ greatly numerically according 
to the units of measure used by different experimenters, and care ts 
required in using tables of E (or Ea) in observing the units of measure 
‘intended. 


- Jt is obvious that since is a constant quantity, therefore also 


PW 
bdS 
om x (any numerical ratio) is also a constant quantity. 

Different numerical multipliers have been chosen by different writers, 
a x (some 
numerical ratio chosen by the writer) has been tabulated as H, (i.e, Ea) 
by different writers. 

The principal tabulated values of Ey are as follows :— 

N.B.—A comparison of each with what is styled in this paper the 
Roorkee Ey (vide para. 5), which is most largely used in India is also 
given. 

(1). In sake s original theoretical investigation of 1826 and 1845, 


WwW e 
Ek, = = gy also = 35 - gpay = 18 x Roorkeo Ky. 
This is of little practical importance as it is not used in tables. 
(2). In Barlow’s jirst tables. 
“ Eesay on Strength and Stress of Timber, ” 8rd Edition, 1826, 
“ Treatise on Strength of Timber, &c.’? New Edition, 1845, (Art 61). 


Also in some Indian Tables. 


“ Gleanings of Science,” May and August 1829, Vol. I. (Experiments by Captain 
H.C. Baker), Caleutta 1829, 
*“Scantlings of Timbers for Roofs,” by Peter Keay. Roorkee, 1865, vide 
Tables I to IV. 
“ Scantlings of Timbers for Roofs,’’ by Ensign Peter Keay, vide Tables 1 to IV. 
2nd Idition, Roorkee, 1872. 
Ea = il =: 1728 x Roorkee Eu. 
This might be called “ Barlow’s first Ey.” 
(8). In Barlow's four formule (Art, 103), and in the tables (Art. 
104) of the 
« ‘Treatise on Strength of Timber, &c.,”’ 1845. - 
* The numerical quantity actualiy tabulated is called 32 Ei and said to be equal to HE which is 
the same as.the quantity E, in Para. (2), 


and sometimes even by the same writer in one book, so that 
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Ey = gy Sy = 54 x Roorkeo Eu. 


This might be called “‘ Barlow’s second Ey.” . 
(4). In the latest editions of Barlow’s works 
* Treatise on Strength of Timber, &c.” 1867. 
and in some Indian Papers— 
* Professional Papers on Indian Engineering” Vol. VI., Roorkce 1869. Paper No. 
CCXIV “ Experiment on Dharwar Timbers,” by J. H. E. Hart, Esq. 


Ey == yy. om == 108 x Roorkeo Ea. 


This might be called “ Barlow’s third Ey” 
(5). In some of the Indian Tables— 


“Description and Strength of Indian and Burman Timbers,” by Conductor T. 
W. Skinner. Madras, 1862. 

“Professional Papers on Indian Engincering” Vol. I, Roorkee, 1863. Paper 
XXVIL, “ Scantlings of Timbers, Mysore,” by Major R. I. Sankey, R.E. 

Thomason C, E. College Manual, No, IL, “Strength of Materials,” 5th Ed., 
Roorkeo 1869. 

“ Roorkee Treatise on Civil Engineering in India,” by Major J. G. Medley, RE, 
2nd Edition. Roorkee 1869. 

“ Scantlings of Timber for Roofs,” by Ensign P. Keay, 2nd Edition, Roorkee 1872. 

“ Professional Papers on Indian Engineering” 2nd Sories, Vol. I, Paper XL. 
“Indian Timber Trees, by Major A. M. Lang, R.E. 


Ki = a the ‘* Roorkee” Ea 
N.B.-—-This co-efficient being used in the Thomason Civil Engineering 
College text-books might be called the Roorkee Ey. or practical 
calculations it is very convenient on account of its being much smaller 
numerically than the E, of other tables. 


Comparison of Ea with E, and Ee. 


As Barlow's theory and experiment are the source of all the determina- 
tions of Ea, the following comparison of E, with E, and E, will be made 
by comparing his four deflexion formule (Art. 103 of his “ Treatise on 
Strength of Timber,” &c), after introducing the correction explained above 
with the formule for deflexion (wnder the same circumstances) which 
involve E. . 

It will be remembered that it is assumed that E, == E, practically. 

The results of comparison are given in the table below. a 
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Comparison or Ey ann Ey 





Barlow's Deflexion Formule, only appli- lexion formule 
Conditions. cabic to solid, straight, uniform or solld, atrnight, 
rectangular berms. niform roctangu- 

5 | nearness ernment secre § Jar boums from 
| en Manual 
inal on re Edition} Corrected asin Edi- fof Civil Engineer- 

Support. Load. rig tion 1867, ing 6th edition, 


1870, Art. 169. 
































1 | Fixed at one BW _ Pwo a-4 WwW 
end, At free end, 8 = sr 8 Ted hls 
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It will be observed that Barlow’s four formule are after correction, as 
in the latest edition, (1867), perfectly accordant with those involving Ih, 
and that E, = 4 x Ea of the formula of that edition. 

N.B.—This Ey is that derived by experiment from the formula 


Ky=,; ual Pa styled above * Barlow’s third” Ey. 


Therefore E, = 4 x (108 x Roorkee Ea). 
== 482 x Roorkee Ky. 





Reciprocal form of Ka. 


A modified form of the reciprocal of this co-efficient was introduced 
by Tredgold (Elementary Principles of Carpentry, Ed. 1853), which is 
specially suited to Carpentry. 

It was considered by Preagord that timbers used in carpentry should 


have as a maximum deflection ia of their clear span (equivalent to a de- 
l L 


flection in inches of py of clear-span in feet), te, 6 = 7a = 75. 
Since for ee horizontal beams of uniform rectangular sectjon, loaded 


at the middle = == a constant quantity, therefore also ay g: is @con- 





stant quantity (Tredgold denotes it by a, and has tabulated its value 
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calculated from this formula, a = ies for most timber woods used in 


England). 
This form of co-efficient is specially convenient in carpentry if the rate 





of deflection of 2 = z be the one decided on as a maximum, (but not 


o‘herwise), for substituting it in the formula there results the following 
formula very convenient for practical use, bd® = a. L*W. 

This formula is of course applicable only to straight horizontal beams 
of uniform rectangular section. 

Tredgold gives the modifications of it for Barlow’s four cases correctly, 
and also for cylindrical beams. 

This co-efficient which may perhaps be called Tredgold’s co-efficient 
has been calculated (in preference to 1) by some of the Indian experimen- 
talists. 


“Notes and Experiments on the Stone and Timber of the Gwalior Territory ” by 
Major Alexander Cunningham, B.E. Roorkee, 1853, 

Tredgold’s co-cfficient is denoted in this by S. 

“Professional Papers on Indian Engineoring”’ (Second Scries,) Vol. 1., Paper 
XLVIII., “Experiments no Andaman Woods,” by J. Bennett, C.E., Roorkee, 1872. 


40 bd 5 40 
L'W ~ (the Roorkee) Ey 


.. the Roorkee Ea = = 


Since @ = 


And E, = 432 x 2 = 17280 x a 


Tredgold introduces another modification of the reciprocal form of Eu, 
intended to simplify the formuls for cantilevers. Theory indicates that it 
. should be 16 x a: hedenotesit by 6. Thus Tredgold’s 6 =16 x Tred- 
golds a (theoretically). Its use is evidently very limited, as cantilevers 
are not much used. Very few direct experiments are recorded hy him, 
and the results are irregular, (as he acknowledges), probably in consequence 
of the early experimenters not foreseeing that unless the manner of fixa- 
tion was quite similar in all experiments, the results could not be expected 
to be numerically accordant: thus some of the cantilevers experimented on 
were fixed not at the point of sup sort, but at some little distance from tt. 

The teri “fixed at one end ” is now understood to mean that the 
neutral axis of the cantilever is immoveably fixed in direction at the point 
of support. Experiments in which this condition was not complied with 
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are useless for determining 6 directly. From tho‘irregularity of the values 
of b, obtained from direct experiment the writer considers it preferable to 
usd its theoretical value 6 = 16 x a. 


Remarks on Barlow's and Tredgold’s Formule. 


It is to be observed that the utility of Barlow’s four formule (even 
when corrected) and of Tredgold’s formule is greatly limited by their not 
containing any factors to suit them to other forms of cross section, and to 
other distributions of load than those which were considcred in the inves- 
tigation, viz., solid straight horizontal beams of uniform rectangular sec- 
tion, and of circular section (in Tredgold’s), General formule applicable 
to any cuse whatever are given in Art., 169 of Rankine’s ‘‘ Manual of Civil 
Engincering,” 6th edition, 1870, and somewhat more fully in Art. 800 to 
804 of Rankines’ “ Manual of Applied Mechanics,’’ Srd edition, 1864, 

As these formula in their general form involve several integrations, 
they are certainly somewhat difficult of application, but to mect the 
wants of the practical man (i¢., to save the necessity of this labor) a 
table of. the result of integration is given for thirteen cascs, most likely to 
occur in practice, so that for these cases they are easily applicd. These 
formule involve E,, the modulus of direct tensile elasticity. 

The influence of Barlow’s writings, which were followed by Tredgold, 
has been very great in India so that unfortunately the value of Ey or of its 
modified reciprocal a is the only co-efficient of elasticity usually accessible 
for Indian woods. 

The relations established in this paper, viz., 

Modulus of tensile elasticity E, = } x “‘ Barlow’s first” Ea. 
=8 x “Barlow’s second” Ha. 
=4 x “Barlow's third” Ea. 
=: 482 x “the Roorkee” Ey. 


17280 
Tredgold’s co-efficient a 


will: enable the modern English formule of Higher Applied Mechanics 
to be applied to Indian practice. 

It is to be regretted that the number of experiments recorded on the 
Indian woods are so few. 
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THE MOUNTAIN TRAMWAY. 
(Vido Plates Nos. XX XVIII, XXXIX., and XL.) 





( paper introducing to public notice several devices by which the watere 
power of the mountain streams can be utilized as a propulsive power, 
on inclined Tramways. By the late Witt1am Sanperson, C.E. 


Introduction.—The project for the application of the invention styled 
the hydraulic propeller on mountain tramways to the outer Himalaya— 
is recommended as a substitute for heavy and cxpensive Railways. 

The mountain tramway, too slight for the steam locomotive, was de- 
signed (previous to the above-named invention) especially for the utili- 
zation of the water power of mountain streams, and for winding up the 
valley slopes without disturbing the surface where road making would 
cause landslips; its carrying powers under ordinary means of traction 
are very low, and it appeared unadvisable to construct a tramway on 
which so small a load could be carried, till the idea of the troughed 
channel and the water-wheel suspended from the car, permitting the 
repetition of the passing load, occurred and solved the problem. 

This light tramway without the channel would be a valuable adjunct 
to the Gangcs Canal, laid on its banks and worked by its water falls, 
with rope traction, or propulsion by atmospheric pressure. 

A Railway has already been projected passing Roorkee, and following 
the canal bank to Hurdwar, which will involve large outlay for bridging 
the several mountain torrent beds; it is suggested that the design for 
the mountain tramway be adapted in its stead. 

In the consideration of the best means of applying a retarding and 
arresting power to the car on mountain tramway, the idea of a new form 
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of” steam carriage road for the plains, occurred, whereon the “friction 
roller brake can be applied, so as to remove the necessity for the ponder- 
ous locomotive, and the concave wheel tires. 

Reference is made to the water power of the doabs, and of the highlanda 
of Central India—of the value of the water power in India there can be 
no doubt, and the invention here introduced to public notice has given 
occasion for general suggestions, | 


' Reviewing the History of Railways, as far back as the early part of the 
17th century, wooden tramways were used in the Collieries in Northumber- 
land, carrying two to three tons upon small flanged wheels ; but little coal 
was then worked except for domestic use. A hundred years or more 
later, Iron was produced in large abundance, and a Northumbrian introduc- 
ed the edge rail of cast iron, spiked to a plug in a stone sleeper, and then 
men began to look for more powerful traction than animal power, but it 
was not till 1825 that the locomotive was ventured upon, and a new 
developing force gave an acceleration to the advancement of manufactures, 
and to such an enormous extension of steam power, that the very small 
water-power the country had made use of was overlooked. Steam power 
was adopted by the nations of Europe, gencrally, with similar, though 
smaller results. 

In India although thero is a scarcity of water power, away from the 
mountains, steam has not been so generally introduced by the directors 
of labor in official departments ; but those dependent on their own resour- 
ces, as the Contractors on our Railways, Planters, Manufacturers and 
others, have wisely availed themselves of steam power, and have been to 
a slight extent imitated by tho departments. But so entirely has the 
English mind been taken up with the idea of extending steam power, that 
steam machinery is employed at Roorkee on the Ganges Canal in which 
a 80,000 H. P. is running to waste, and even when workshops have becn 
established by untrammelled Englishmen, as on the mountain slopes over 
the Dhoon west of the Jumna, steam power has been adopted within a 
few miles of a large water power. Now that the extension of the Railway 
system in the plains has been secured, attention may be drawn to the 
outer slopes of the Himalayas between the Sutle) and Nepal, an area of 
20, 000 square miles containing numerous vallies, culturable plateaus, ex- 
tensive mineral deposits, iron works, and tea plantations. 

VOL. I=-SEOOND SERIES. 3 a 
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Railways to bear ponderous locomotives and trains aro too costly for 
the hill country ; even in the plains, in those districts where population 
and natural resources are scarce, the cost must tend to retard the extension 
of Railways, except where there are military and political requirements to 
warrant large expenditure on lines through districts without commerce, ~ 

The utmost possible reduction of the cost of Railways in the plains will 
not bring it low enough for the hill country: ordinary Railway works cost 
five times as much in the hills as in the plains, and the lowest safe esti- 
mate for the latter being £2,500, in the former it is £12,500 per mile; 
and in addition to this great cost, there is a further obstacle to the con- 
struction of permanent Railways for hoavy running loads, in the liability to 
landslips which arises from the disturbance by road making, of the surface 
of mountain slopes. 

To return to water power in India genorally, admitting its scarcity 
over vast areas, and the almost universal necessity for the steam locomo- 
tive on Railways, and the steam engine for the purposes of the manufac- 
turer ; it must be noticed, that in the rivors rising in the Highlands of tho 
Peninsula and running castwards, and in those rising in Central India, there 
is contained an available water power for usc as a tractive force—or for 
manufactory machinery. This is however merely suggestive, the present 
object is especially to note the value of the several streams flowing out 
the Himalayas (varying in capacity from river currents to the smallest 
rills,) as a motive power, to work tramways penetrating the hill country : 
which power may be applied in different modes. 

First.—By rope traction by stationary engines acted upon by the moun- 
tain streams ; the friction of ropes to convey their power to the carriages 
would necessitate the fixing of a watcr wheel and winding machinery at 
four mile distances. Ropo traction could be adopted on the light moun- 
tain tramway by placing the cars of o train separately, 100 fect apart at- 
tached by a rope—the load being thus spread over the line, say 10 cars of 
5 tons each. The same stream conveyed in an artificial channel on the 
hill side paralle) to the line would be available at each winding apparatus, 
if conducted at a gradient less than that of the tramway to the next station 
where a fall should be provided. 

Second.—By the use of condensers: by the water worked Stationary 
Engine, air may bo forced into hollow metal spheres or air reservoirs, a 
pair of which being placed on the tramway car in conjunction with a pair 
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of cylinders and pistons, by mechanical contrivance altcrnate action may 
be obtained on tho piston; or a pair of reservoirs may havo alternate 
action on one cylinder of 40 strokes per minute, which with a drivor of 3 
fect diameter would give five miles an hour. 

Third.—The same fixed Stationary Engine might be mado to coil 
India rubber or other elastic bands on spindles, which being placed on a 
car specially constructed, (with the bands attached to suitable machinery, 
and left to uncoil,) would become propellers. ‘The use of elastic bands 
tightly coiled by machincry, then placed on cars, and giving motive power 
by uncoiling, is an Amcrican invention ; the cost of winding the bands by 
steam machincry was found to be too great, and this mode of propulsion 
was abandoncd after a short trial at Now York. 

Rope traction may be worked over the summit of an incline if not too 
jong. The air engine is suggested also for short inclines leaving the 
water channel. Tho elastic bands not being of great weight, o sufficient 
number may be carried for 10 miles, 

There aro still other methods of applying the watcr power of mountain 
streams to the working of tramways. 

One is the “ Atmospheric Railway ” principle which is more than two 
centuries old. Tho idea, M. Papin's, was not worked out till after the 
birth of steam power; it is still in use between Kingstown and Dalkey. The 
principal of the apparatus is atmospheric pressure through a tube laid 
continuously between the rails, having on the upper face a longitudinal 
slit, through which an arm attached to the Railway car, passcs, and 
within the tube is attached to a piston fitting tho inside. Tho slit is 
provided with a lip which the compressed air in its passage behind the 
piston closes, the end of the tube is left open, and the air drawn out by 
machine worked air pumps. Nothing could be more casily arranged than 
a water worked engine to exhaust the tube of air, in front of the advanc- 
ing piston attached to the car. 

The next is the most simple arrangement that can be made, the least 
costly both in way and rolling stock : it is best described in the the Specifi- 
cation of Invention styled the 


Hypravxric Propetten on Movontarxn Tramway. 


This Invention consists in the first place of an ordinary water wheel 
of any form, whether an exposed or boxed wheel, revolved by water flow- 
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ing in a channel especially constructed, by which vertical revolution can be 
communicated to a pair of wheels ranning on rails or trams, and ascending 
an incline of 1 in 100 to1in 10. The dimensions of the water-wheel 
may vary according to the water power available, or to the traffic require- 
ment; as a general rule, the diameter of the water-wheel should be six 
times that of the running wheels. The dimensions fixed upon for the 
drawings accompanying this specification are—9 feet diameter of water- 
wheel, and 18 inches the diameter of running wheels. 

The shaft or axle of the water-wheel must extend over the trams, and 
for an especial reason these are placed 6 feot apart. The axle to be of 
steel bar 14 inches square, and to have a running wheel affixed to each end 
of cast-iron 18 inches in diameter, with a wrought-iron inner flange, pro- 
jecting an inch over the tyro. The wooden nave to be fitted on the middle 
of the axle, to be 2 feet 9 inches in length, and 44 inches in diameter, and 
to be pierced for 11 pairs of radial arms, 2 fect 6 inches apart, and 2 feet 
7 inches in length. These radial arms to be hard wood 1 inch square, to 
the ends of the pair of which, arc to be fitted 11 floats of dimensions 2 
feet 6 inches by 1 foot 8 inches. The floats to be made of wood and sheet 
iron, the wood to be pairs 1 foot 8 inches length, 1 inch square, and 
grooved to receive the sheet iron. The joints and radial arm and float 
frames to be connected and tied by } inch iron rod on both sides, the 
floats to be at an angle of 25 degrees from radial line, and secured in position 
by oblique ties from a joint of radial arm and float frame to the tip of the 
next float, of + inch iron rod, and the tips of the floats to be tied by } 
inch iron rod on the periphery of the water-wheel. 

The form and dimensions of the water-wheel herein styled the ““Hydrau- 
lic Propeller on Mountain Tramway” are given in Figs. Nos, 1, 2 and 8 
of the drawings annexed to this article. 

This Specification of invention has reference in the second place to a 
form of Tramway consisting of a channel, placed midway between and 
parallel to a pair of trams or rails, and below the level of rails to a di- 
mension equal to radius of water-wheel, minus radius of rmnning wheel, 
plus yy radius of water-wheel: or, according to the dimensions fixed upon 
for the drawings, the space below the surface of rails or trams to bed of 
channel == 4 feet 6 inches—9” + 3” = 4 feet. 

From the foregoing, it is ascertained that the water-wheel with shaft 
or axle on the ends of which are running wheels one-sixth of the water- 
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TRANSVERSE SECTION OF PROPELLER. 
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wheel in diameter, the whole rigidly fixed in all parts, constitutes the 
“ Hydraulic Propeller.” 

And a pair of trams or rails with gauge to fit that of the pair of run- 
‘ping svheels on the shaft or axle of the Hydraulic Propeller, with a 
troughied channel between the rails to receive the floats or. oa of the pro- 
.peller, constitute.the ** Mountain Tramway.” 
" The mode of working the Mountain ‘Tramway by the Byinalic Pro- 
peller is as follows :— 

The Propeller being placed with its running whecls on the trams, and 
its floats within the troughed channel; water being permitted to flow in 
sufficient volume within the channel, will cause the water-wheel to revolve, 
and the revolution will be communicated to the running wheels on the 
trams in an ascending direction on the incline. 

The rate of progress on the ascent will be equal to half the velocity of 
the stream within the channel, and will therefore decrease with the rate of 
inclination. 

The dimersions of the water-whcel in diameter, breadth and size of 
floats, will vary with the rate of inclination, and as a water-wheel of di- 
mensions according with any given rato of incline, cannot be worked on an 
incline of different ratio, it is essential to preserve one rate of inclination 
for as great a length as possible, and advisable to increaso tho rate of 
incline progfessively on the ascent. 

To make the motive power (obtained as described,) available for tho 
conveyance of goods and passengers, the two running wheels of tho pro- 
peller are connected longitudinally by a pair of light frames with two or 
other pairs of running wheels, one pair in front, and one pair behind the 
propeller, and these other pairs of wheels arc connected by axles of square 
14 inch steel bar. Bushes are to be fitted in the ends of the pair of light 
connecting frames, to receive the axles of the other pairs of wheels, and on 
the centre of the frames, a half bush with bridged hinge, will receive the 
axle of the propeller, which is thus made movable, to admit of the 
propeller being detached and lifted out of the water when descending the 
incline, or when necessary to stop in ascending. 

The propeller may be lifted out of the carriage frame cither by 
a lever or a ecrew. The half bushes to be provided with friction 
rollers. 

The axles of the propeller and outer pairs of running wheels to be 
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rounded off, and reduced to an inch in diameter to fit the bushes in the 
carriage frames. 

The carriage will be constructed of iron rod, and wire netting in con- 
nection with the frame; the form and dimensions are shown in Fig. 4. The 
weight of the propeller is 180 lbs., and the carriage body with two pairs 
of running wheels 904 lbs. <A passenger carriage load with luggage, 
with two natives with tools will be 1250 lbs., and the total weight of 
propeller and loaded passenger carriage lbs. 3334. The weight of pro- 
peller and goods carriage will be 1500 Ibs., and weight of goods may be 
4000 Ibs. on the higher inclines, 

The greatest load of goods it is proposed to carry including weight of 
propeller and carriage is two tons. The following table shows the load 
capacity of propeller on tramway for varying rates of inclination :— 


TABLE. 


Of Velocitics, ITorse Power, and Load capacities of “ Hydraulic 
Propeller on Mountain Tramway.” 
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The manner of placing and fixing the tronghed channel in its proper 
position within the trams, will vary with tho form of general construction 
of the Mountain Tramway. 

For considerable lengths the Tramway may be constructed of masonry 
on the surface of the ground, with section given in Fig. No. 5 without 
interfering with the waterway. 

‘Where oxtensive waterway must be provided, or in crossing unavoid- 
able depressions, the design is a simple combination of iron, timber, and 
wood framing; which is practicable, from the light load it is proposed 
to run on the Tramway. This form of structure is so light, that it may 
be borne on timber frames, above the surface of the ground, over those 
portions of the line where the necessity for expensive masonry works 
would attend a permanent railway intended to bear ponderous locomotives 
and heavy trains. The design for the mountain tramway in this case 
(Fig. 6,) is described as follows :— 

Iron round bar 14 inch is formed into lengths of 72 feet stringers, 
there are two pair of iron bar stringers placed 6 feet apart horizontally 
and vertically; the vertical pair are connected by wooden posts 6 feet 
apart longitudinally, these posts being connected again by iron rod dia- 
gonal ties, thus the two vertical pair of iron bar stringers, with posts 
and diagonal ties, form a pair of lattice girders of the lightest possible 
construction, and these “ stringer lattice girders” rest upon timber tress- 
els which may bear the structure 25 feet above the surface of the ground. 
For greater heights the supports should be of cast-iron or of masonry. 

The stringer lattice girders are connected transversely by the cross 
bearings of the troughed channol, and ticd by the framing which supports 
the troughed channel. . 

The weight of this structure for 72 feet span will be 7500 Ibs. or 3°35 
tons. Tho tenacity of tho 2 pairs of stringers, not including that of the 
rails and bearings, will be cqual to 59 tons, and the greatest strain will 
be 74 tons. The safe running load will be 10 tons. 

The form and dimensions of the mountain tramway on bearing frames 
are shown in Fig. 6. 

To meet the contingency of unavoidable crossings of mountain gorges 
and ravine like vallies, a combination of direct tension and compound 
Catenary suspension, has been designed for spans up to 500 feet of wire 
rope. The transverse tics and channel supports are similar to those of 
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the tramway is more than 75. feet above the surface. of the. er ound,” 
(Fi. 7) ae 

In order to bring the centre of gravity of the moving load ion pac 
and within the framework, the psir of Stringer Girders are placed 6 feet 
apart, centre to centro, and the trams being placed on the inner edges, the 
tramway gauge is 5 feet 6 inches, which admits of the load being sus- 
pended below the axles, and the bottom of the carriage 6 inches above 
the troughed channel, which is 1 foot 6 inches by 3 feet 2 inches in 
breadth. 

The sectional area of the stream within the channel on an incline of 
1 in 20, is 4 feet. The velocity is 17 foet per second, and the discharge 
68° cubic feet per second. 

Having thus described this my invention, as aforesaid, I ieneby jectacs 
that what I claim as of the invention is—First, a wheel with floats after 
the manner of a common water-wheel, with an axle extending to the 
length equal to the gauge of a tramway, upon which run a pair of wheels 
affixed to the ends of the water-wheel axle. And a pair of frames con- 
necting the water-wheel axlo, with axles of two other pairs of running 
wheels, thus transmitting the motive power to the tramway carriage. 

Secondly, the troughed channel to conduct the stream of water, to act 
upon the water- wheel, placed parallel to, and midway between the trams 
or rails as afore described. 

And lastly, the light form of tramway, in which iron bar, in the form 
of stringer girders, connecting and binding lattice work of wood and iron 
rod, the stringer lattice girders supported by bearing frames, over the 
parts of tho tramway line where a large provision of waterway would be 
requisite, or over unavoidable depressions. 

And this invention is styled the ‘“‘ Hydraulic Propeller on Mountain 
Tramway.” 

The design for wire rope suspension over mountain gorges and ravine 
like vallies, being a combination of direct tension and compound catenary 
is not a new invention. 





Thus a carriage of the lightest weight is substituted for the ponderous 
locomotive, which may be run on the lightest possible form of tramway, 
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yct fully providing for any requirements that may arise from extended 
traffic in the hill country. 

The vallies of the Kossilla and the Giree have been explored for the 
“Mountain Tramway,” and it is estimated that the three forms of con- 
struction will be of length in proportion as fellows :— 

1st,——-Masonry or ground surface 40 per cent. 

2nd.—On timber bearing frames 54 ‘3 

Srd.— Wire rope suspension 6 5, 

To meet objections to so fragile a structure it is observed— 

1st.—That the traffic requirements in the hills will be fully met by this 

tramway with a moving load 1# tons, including the propeller and car, 
seeing that a hundred cars may run separately, 100 feet apart, at the 
same time, worked by the power of the same stream. 

2nd.—Massiveness and rigidity of structure, involving enormous 
expenditure in the formation, bridging and permanent way, absolutely 
necessary to bear the weight ordinarily passed over railways, aro not in 
any degree requisite for this mountain tramway, and in considering this 
structare, all ideas connected with permanent Railways must be set aside. 

The following investigation of weight, strength and bearing powers, 
proves that the structure is fully equal to all requirements for stability 
under the traffic load it is to carry. Jixtracting from details of specifi- 
cation and drawings, the weight of structure on bearing frames is as 
follows :—12 fect span. 


Ibs. 
Iron bar stringers (4), 72 ft. by 5:9, see sis 1,619 
Diagonal Iron braces (36), 1°75 ft, 875, oe sen 526 
Yast-iron rails 12-5 lbs. per yard, eee bes aes 600 
Fish plates, bolts, spikes, &c., ese eee #e6 150 
Sheet iron channel, vie ar sae = 57 
Weight of Iron, saa 3,412 
12 pairs Lattice posts, one awe ioe ‘a 2,250 
144 feet Rail, boaring 3 ins. by 2 ins, see vee i 
02 


Channel Sheathing and Beuring, ove ace Sa 
| Weight of Wood, .... 3,970 


Total weight of Structure, \ Ibs, 16,882 


tons, 4°63 
The transverse strength of the four Stringers is ths. 
1255 by 4 by °7854, eee Sa ove ose = 125,521 
: And of t e channel, eee wee eee eee 7,280 
Ditto of Rails and bearing, - oe@ eee enue 8,750 
Ibs, 141,631 
Total transverse strength, tons, 64 
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The total weight of structure is little more than one-sixth of Hs break- 
ing weight. 


tons. 

The greatest strain on the pair of stringer lattices is, <3 1372 
| «=. (4) 89587 x °7854 . 

The tenacity is 5940 ;. jee 7P aes 180°00 


The tenacity above strain of the whole structure of the stringer lattices, 43:48 

From the foregoing it may be deduced for 72 feet span that the strength 
of the entire structure is equal to the transverse strain, plus moving load 
by 4°12. 

The safe load is 5 tons, and it is proposed to run 14 tons, or less than 
one-third the safe load. 

The structure is altered for wire rope suspension by the substitution of 
the direct tension wire rope for the iron bar stringers. 

The tensile strength of Russ. wire of 5 to sy is 6 te 9 times per 
square inch that of a square inch of bar iron; the cost is much greater, but 
the greater dependence vn the wire renders it advisable to make the rope 
entirely of strands of ~, Russ. wire. The following hae been deduced for 


216 FEET SPAN. 


Weight of structure suspended, 12 tons, 
The tensile strength of structure without the catenary suspension, is 
Direct tension, wire ropes 3375 square inches x 59°5 ... oe. sm 200 
In the cast-iron rails continuity would be destroyed, but as four 
fish-bolts of % would give a tenacity equal to half the 
tensile strength of rails and cage g it should be substi- 


tuted, oon eee oes eee 18: 
Total tensile strength of structure, ... son one aa 218 
Strain at centre cquals, _... ane eee eee ove 58 


The difference of tensile strength and strain is so great, that the latter 
need not be taken into account in providing for suspension. 

Wire rope of 323 strands of -); Russ. wire would be 42 inches in dia- 
meter, containing sectional area of iron of 1-69 inch, and a pair of ropes 
== 8:375 inchee, would amply provide against weight, strain of structure, 
and high wind. : 

The sate load sanctioned by the Lords Commissioners of the Admirality 
on wire cables,—that is, ship's strain at anchor under a high wind, is 
half the breaking weight : and a wire rope of the dimensions given would 
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sustain 90 tons, and a pair 180 tons, and the greatest strain that could be 
brought on the structure suspended over 216 fect span would be 60 tons, or 
one-third the breaking weight, which is— 
By Admiralty trials, ene eve re ee 180 tons. 
» Hodykinson’s... eee “ae vee ose 200 ,, 
The latter being received as most trustworthy by the profession generally. 
The propeller of 9 feet diameter can be used only where thero is 
sufficient flow of water, either from a perennial stream of full, or by storing 
a stream of insufficient, capacity. Where water has to be accumulated by 
storage, the propeller could be ran, say once in seven days, when the water 
flow should be permitted for a certain time, say six hours. Suppose such 
a tramway 20 miles in length, the flow of water in the tramway channel 
or six hours would work up 90 tons weight in 100 carriages, cach carri- 
agé provided with its propeller and following on in succession. 
For velocity and discharge in the tramway channel we have as fol- 
ows :2" : 
"A ss Sectional area of stream, 8:18 % 1°30 == 4134 sq. feet. 
WC = Wetted contour, ... see wes oat ane vee 578 feet, HY. i 


¢ os Hydraulic mean depth vey wee OTE: gg 


A. 
we’ eee aoe 
oo Gradient, one exe oon eee eee eee eee 20 


V=90 / — cs velocity, ..  .. soo one 185 Lt. per. see. 


v== 90 / = X% °56 == velocity of perimeter of propeller, 7-6 ,, 


I = Area of immersion of propeller float, 2°5 % 1°8, =... 2°95 sq. foot. 


Fo meaetemnatmanaael 


H == Horse-power =: 1 (90 i, — 56) (Vv) 1 420, 


And a 4:20 horse-power propeller, ascending an incline of 1 in 20 at the 
rate of 6 miles an hour, would take a lead of 24 tons, ax is shown in the 
table. See Specification of Invention. 

The tramway channel discharge on such an incline would be 72:21 cubic 
feet per second, so that a perennial stream of less capacity would have to 
be stored. Such a stream descending to the Kosi was measured as an 
experiment In the driest season this spring stream gave 8 cubic feet per 
second, or 292,800 cubic feet in six hours, This stream, if stored in 
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eight reservoirs 120 x 12 x 12 feet each, would provide sufficient water 
to work the tramway for six hours once a week. : | 

The foregoing is to show that in the event of partial failure of water- 
supply, or in localities where it is scarce, the power can be accumulated in 
reservoirs at the summit, and along the line, for a tramway with propeller 
9 feet in diameter, and of corresponding dimensions. 

The cost of reservoirs would be Rs; 1,000 per mile, in addition to cost 
of tramway construction. 

It should not be omitted that this mountain tramway may be construct- 
ed to any dimensions, from a toy model to the largest upon which the 
necessary discharge would be manageable. 

A. model tramway one-sixth of the proposed dimensions would give by 
computation—velocity 2} feet per second, velocity of perimeter 1} feet 
per second, horse-power ‘068, and load capacity 80 lbs. Under experi- 
ment, a load of 135 lbs. ascended an incline 1 in 20, 25 feet in length, in 
9 seconds. This model tramway, with its small propeller and discharge 
in channel of only half a cubic foot of water per second, would take a 
maund in cach carriage, and there might be a hundred carriages at once 
on the tramway, so that it would convey a traffic of 100 maunds per 
diem. 

And, if the subject of the cost were reduced to one of secondary consi- 
deration, the largest streams could be provided with a channeled tramway 
and propeller of the largest dimensions, within the limits of control of 
water power. The principle of this new invention may be carried to the 
extent of channel discharge of 3,000 cubic feet per second, giving 50 
horse-power on an incline of 1 in 80, with 7 miles an hour. on the ascent. 
A work of such magnitude would, however, be enormous in cost. 

At this period, any scheme for a tramway penetrating the hill country, 
must have for its object the accommodation of the military sanataria, but 
the mountain tramway with hydraulic propeller is designed especially for 
the ascent of vallies and ravines in which there are perennial streams of 
sufficient capacity. In the larger vallies, an altitude may be attained at 
distances beyond existing traffic, but the developement of agricultural 
and mineral resources, and the consequent increase of population may lead 
jn time to the spread of the tramway system over the plateaus distant 
from mountain rivers, and one or other of the several mothods ‘of applica- 
tion of the water-power, described at pages 474,475 may be adopted to 
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reach lecalities where water is scarce, as would generally be the case at 
elevations 6000 to 7500 above the sea, distant from the rivers and their 
tributaries: but there are generally small rills which, with rain-fall, might 
be stored. to work the tramway at timely intervals, of three to six days. 
The military and other hill settlements are already in the list of localities 
for which provision should be made, and it is in consideration of these 
that the several methods of extending the utilization of the water power 
of mountain streams has been suggested. Raneckhet for instance, 12 miles 
distant from the Kossila valley could be accommodated by storing water 
to work the propeller on the channeled tramway. The expenditure would 
be 756,000 cubic feet in three hours, the time requisite to pass up the tram- 
way from the Kossila valley to Raneekhet ; over a portion of the distance, 
probably a sufficient supply may be had from the stream running to Bhojan. 
A, rill of one cubic foot per second, would keep up the supply for working 
the tramway every fifth day, and so would the rain-fall of 2 inches overa 
square mile, allowing for absorption and evaporation. 

The vallies of the Giree and the Kossilla may be taken as represonting 
the nature of the ground to be passed over by any tramway ascent of 
mountain river openings, and the cost of construction may be approxi- 
mately estimated for any proposed line. 

Taking the proportionate length of the different forms as given on page 
481, the mountain traimway 50 miles in length, would cost for 


Rs. 
ws» 267,280 


we wee, 28,515 
woe oe ove «1, 75,086 


Total cost of 50 miles, ... ees ek 9,65,881 


The first form—masonry on surface of ground, 20 miles, 
The second ditto, on timber bearings, 27 miles, 
The third ditto, wire rope suspension, 








Mean cost per mile, = see ane in 19,320 

A, tramway car with propeller complete will cost Rs. 240, and the roll- 
‘ing stock of 80 to 109 cars, with stations and other requirements should 
not exceed Rs, 34,000, bringing the outlay on 50 miles up to Rs. 1,000,000. 

An important question arises, as to the mode of working the down 
’ traffic on the mountain tramway. The specification of invention has no 
provision for Brake power, beyond that obtained by raising and depressing, 
or partially immersing the propeller blades ; at the time of filling the spe- 
-Cifieation this question was deferred for further study. This use of the 
propeller on the descent as a brake, is objectionable on account of the 
strain that would result thereon, and it is necessary to have recourse to 
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soing other cua of applying retardiag. force, avouding:, iw strain. oR, the 
tramway structure as well as on: the-cats, the. roralis * = say % is 
question are given as follows i—.":...... ‘af 

Hriction Roller Brake—The cratinla of ry pee sennwey axe negea- i 
sarily steep, and it is necessary to have a brake power, other than that 
obtained by partially lowering the propeller; moreover in the descent. of 
an incline, it may be advisable, to meet traffic requirements, to load up to 
tramway safe point, when the propeller may be removed, and a pair of 
running wheels put in its place. In this case separate brake power would 
be requisite, which is provided by a pair of friction rollers, made to press 
against the inner side of the troughed channel by a cross lever acted 
upon by a screw in precisely the same manner as the ordinary Railway 
brake. 

In addition to this friction roller brake behind the carriage, a similar 
apparatus acted upon by a governor, when the arms are raised by centrifu- 
gal force at high speed ; the motion of the running wheels is given to the 
governor shaft by a pair of mitre cogs. At a speed of 20 miles an hour, 
the governor shaft would have 6-4 revolutions per second, and the gover- 
nor would be brought to act upon a cord, which is attached to a loose 
toothed collar, and drawing it in contact with a fixed toothed collar lock - 
ing them together on the axle, and winding upon the collar, to which it 
is attached, a band or flat chain which acting upon a cross lever will draw 
the front friction roller brake into action. 

The difference between the rear and front brakes is, that the former 
would depend upon the presence of mind and activity of the guard, while 
the latter is brought into action by undue velocity of the moving car des- 
cending the tramway incline. 

The study of this simple and efficacious method of the application of 
an arresting force leads to a diversion from mountain tramways to Rail- 
ways in general. 

The present form of Railways renders necessary an enormous weight of 
engine and carriages ; resulting in wasting “ wear and tear.” There 
appears no reason why the troughed channel could not be laid between 
the tracks of a Railway for the especial working of horizontal friction 
rollers, in the manner described for the mountain tramway car when de- 
scending a stecp gradient; the rear friction roller brake to be applied by 
the guard, and that in front automatically applied at undue high speed. 
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1. ine einatssl wove ippit ‘the’ deaiget : ofteaving the track at ‘high speed, 

: (which? ia" ‘provided indies, “old -Railways ad eonstracted, by encamoualy 
heavy Ioconiotives, and. carriages with the concave tired wheel, or flanged’ 
wheel rendering nisosanary 1 ~~ expensive all and permanent way) ‘woatd 
be'removed. ~ 

Instead of expending 80 ; mach on rails and sleepers—the chazmel’ be- 
tween the tracks, would be much less than that of the lightest rails. The 
channel might be formed in tolerably ‘level country and in cuttings, of 
two walls with flat iron bar 3 inches by 4 inch let into the masoury and 
tied through at 20 feet intervals. 

The idea of applying the channel between tracks of Railways in general, 
was communicated to the present writer by Captain Thomason, R.E., in 
a conversation in which the friction roller brake on the mountain tramway 
was being explained. Captain Thomason suggested the channel with 
powerfal framing below the carringe, holding two pairs of friction rollers 
to act alternately in the sides of the channel—to counteract lateral motion 
of the moving train ; this alone would permit of the reduction of weight of 
rolling stuck to a fifth, the abolishment of the heavy concave tired wheel, 
and the heavy and expensive rail; but the employment of the friction 
rollers as brake power would do away with the necessity for heavy run- 
ning wheels and correspondingly massive form of track, which would be 
necessary for the application of the ordinary brake to running wheels. 
The whole effect of the train in motion, from tangetic force on curves, or 
from tendency to Jateral motion from whatever cause, would be confined 
to the inner sides of the channel, and the running wheels being left free, 
simply to carry the load in motion, may be of the lightest form, and of 
much enlarged diameter. 

This paper being intended to describe the mountain tramway only, no 
calculation as to extent of reduction of weight of Engines, &c., on Rail- 
ways have been made, but it may be supposed that the reduction would be 
s0 great as to permit the use of material much lighter and cheaper than 
iron, and a steam carriage road as described below, possibly may mect all 
demands, and be as safe as the heavy railway. 

The steam carriage road to be 4 feet, formed of two scctions of masonry 
4 feet apart, and coped with ashlar. 

The masonry with 20,000 cubic feet of ashlar track and coping, and 
80,000 cubic feet rnbble masonry or brick work—would cost say Rs, 
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86,000, The roller plate, 7 of flat.izop. bar, 2 006, hg ead siybitie 
of. Mugiwar coment, say. 8,600, Totel about 40 000 per mile without 
bridging, and-this item of cost might be much reduced, by combination af 
suspension and girder, admissible by 60 great reduction of moving load. .. 

The automaton brake brought into action by governor drawing the 
loose, and fixed toothed collars into contact ag described sboye, and 
thereby bringing the momentum force to act upon the cross, lever: bearing . 
upon the friction rollers and pressing them against the side of the channel, 
is @ new application, in connection with the specification of invention, but 
the power for brakes on running wheels taken from their revolving axles 
was invented by Mr. J. Clarke, C.E., some years ago, who obtains his 
power by bringing friction rollers in contact with the perimeters of the 
carriage wheels while in motion. Clarke’s brake is in use on the North 
London Railway; it is too powerful and sudden in action on a Railway 
where such frequent stoppages are requisite, and is suited to long lines, 
and for emergencies. 

The suggested new steam carriage road with friction roller brakes act 
ing on the channel, mid tracks, would be admirably suited for long Indian 
lines. The brake should have two modes of application action, the ordinary 
screw and lever, and the automatic as described. 

Water power in the plains.—The question of the water-power of moun- 
tain streams naturally leads to a consideration ofthe Rivers and Canals 
over so large an area of the Punjab. Then the rivers rising in Central 
India, and the tributaries of the Jumna and the Ganges. The rivers run- 
ing out from Sirmoor, Gurwhal and Kumaon, require attention first, as 
being in connection with suggested mountain tramway routes. 

The water flow of the rivers of Punjab and Rohileund would be employed 
with great advantage in lieu of steam, either by rope traction or by working 
pneumatic apparatus, such as the tube and piston valve of the atmosphtric | 
railway principle—on tramways conecting the Onde and Rohilcund and 
the Delhi and Rohilcund Railways. As to the form of road beat suited 
to the atmospheric table; the track should be of Hurdwar cement, 8 
by 3 inches laid in grooves of masonry, which should have a fender wall, two 
feet above level of the track to receive the touch of horizontal friction 
rollers, and prevent ewerve or oscillation, which arould interfere with the 
precision of the action of piston valve in tube. 

A light tramway laid above the surface of the gronnd, and worked 
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by atmospheric pressure, by the water power, could be laid through 
the Dehra Dhoon with facility and ecconomy. At Dehra there is sufficient 
water power to work east and west between the Jumna and the Ganges. 
At Bogpoor there issues a masonry canal with sufficient water to work a 
branch tramway northwards, from a point 8 miles distant from Hurdwar. 

The subject of light tramways worked by water power on rope traction, 
or by exhausting a tube on the “ Atmospheric Railway ” principle, as afford- 
ing an inexpensive means of communication through the tract lying 
between the Railways and the foot of the hills, in conjanction with the 
Mountain Tramway, is worth attention. 

In the Ganges Canal Falls an enormous water passes unemployed. 
"Fake the first fall fromthe Canal Head we have, 


Discharge = D = 4000 cubic feet per second. 
Fall =F = 85 feet - 
Whole power of fall == H.P. 2018 
The falls aré divided into 10 bays, so that in one bay the discharge is 
24,000 cubic feet per minute, 


HP, — 24000 x 5238 x 85 x 5 __ one 


Fo utilizé a part of this water power for the working of a light tramway 
by rope traction, or by any of the methods des¢ribed; a breast-wheel 22 
feet in diameter, width 6 fect, with depth of bucket 2°5 feet, would afford 
H.P. 78, and three wheels between Roorkee and Hurdwar would work @ 
heavy traffic on a Railway laid on the banks of the canal. A light road, 
with constant movement of cars throughout the day, instead of a costly 
railway is suggested. 

Canals having a regulated flow offer a means of employing water power 
in this country which should not be overlooked. Even with a very slight 
fall, large wheels, with additional mechanical motions, could be made to 
draw 10 tons on a light tramway, even where there are no overfalls. 
This especial question of the utilization of the water power of canals as a 
tractive force is worthy of consideration in the “ vexed question” of 
*t Irrigation and Navigation.” 

These suggestions are offered for consideration at the time of commence- 
ment of several long lines of Indian State Railways, whether, as to the 
substitution of the cheap steam carriage track for the heavy rails, referred 
to in page 487. 
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Or, es to the utilization of the water power of rivers where it may be 
available for the working of railways, either of rope traction, or atuigg- 
pheric propulsion. 

They are however especially recommended to the attention of Govern. 
ment and of those interested in the developement of the resources of the 
districts on the outer slopes of the Himalayas as pointing to a certain, 
and economical means of providing for traffic communications at a cost 
commensurate with their probable requirements. 


Nywee Tat, ! W.5. 
14th February, 1872, 
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KUNKUR AND MORTAR ANALYSIS. 


By Murray Tuomson, M.D., F.R.S.E., Professor of Experimental 
Science at the Thomason Civil Engineering College, Roorkee, and Che- 
mical EKaaminer to the Government, N. W. Provinces. 


In a recent number of Allen’s Indian Mail, it was stated that Captain Boss, 
R.A., in a lecture he delivered at the United Service Institution, had 
said, that Kunkur, so much used in India for the making of mortar, con- 
tained no lime. Some time ago I was called upon to state whether this 
was in accordance with my experience, and I had no hesitation in replying 
that it was not. I have analysed several samples of kunkur, and have 
never met with one which contained less than 28 per cent. of carbonate 
of lime, and in by far the greater number of specimens the proportion 
was a little over 50 per cent. Captain Ross’s statement perhaps was 
founded on the analysis of a substance, which may have resembled kunkur, 
but even that is not likely, as the appearance of kunkur is very character- 
istic. A table containing six analyses made by myself, two by Captain 
Badgley, B.S.C., when he was a student at the Thomason College, and 
one by J. Prinsep, Esq., will be found on page 496. 

As the thorough analysis of a kunkur or limestone is an operation which 
few Engineers can perform for themselves: the following process, which, 
will give a rough approximation, has been suggested. Pound a sample 
in a mortar, pass it through a fine sieve: put 150 grains in a tumbler, and 
pour gradually on it diluted hydrochloric acid, stirring it with a bit of 
wood: add the acid until effervescence ceases, then, filter it through 
blotting paper, and wash by pouring fully a quart of water through the 
filter; that which remains is clay or sand or both: it should be carefully 
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ried, collected and weighed; the difference between this weight and the 
150 grains represents Carbonate of lime. This remainder should now be 
repeatedly washed by decantation, so as to get rid of the lighter particles 
of clay, until send alone is left, which should be dried and weighed. If 
the 150 grains are found to contain 

Carbonate of Lime, .. ee ae os oe 112 grains. 

Clay, .. ae ws ‘i wa as ee Wa” a5 

Sand, .. <a ee ae a sa a 29 yy 
the stone will furnish a fair lime for general purposes. 

Another simple plan which may be employed is to weigh a piece of the 
stone after it has been thoroughly dried: then heat it to redness in an 
cpen fire (say for four hours) to expel the carbonic acid: allow the stone 
to cool, and again weigh it, the loss of weight will show the amount of 
Carbonic Acid from which can be calculated the amount of Lime: as in 
every 100 parts of Carbonate of Lime, are 56 parts of Lime, and 44 parts 
of Carbonic Acid. 

If however the Engineer’s opportunities and appliances allow of a thor- 
ough analysis, this should always be made. 

I would recommend the following process, which 1 have drawn up so that 
it may be used for a Mortar as well as a Limestone. 

1. Selection of the sample. Care should be taken to get a fair average 
sample. In the case of a mortar a handful from various parts of the 
heap should be taken, and these thoroughly mixed, about two ounces of 
this should then be pyt in a well closed bottle. In the case of a lime- 
tone or kunkyr, a piece should be broken off from various parts of the 
mass, or if it exist in several pieces, then parts of each should be taken. 

2. Preparatiqn of the sample for Analysis. The sample should now 
be reduced to powder, first in an iron, and then in an agate mortar. The 
powder should be so fine, that no grit whatever can be perceived when a 
little of it is rubbed between the fingers. From 5 to 6 grammes of the 
sample should be thus pulverised, and kept in a stoppered bottle labelled 
with a labe] corresponding to that of the sample. 

3. Estimation of the water. It will be sufficient to dry about one 
and a half grammes, at 100.C until it ceases to lose weight, and the logs en- 
tered in the analysis as water; for a more accurate process fer estimating 
water in a limestone, as well as for fuller details on the analytical process 
generally reference is made to Quantitative Analysis by Fresenius (8rd. 
Edition, page 553.) 
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4. Estimation of the siliceous residue. About two grammes* of the 
sample are put in a beaker glass, and covered with half an inch of distilled 
water, the beaker is now inclined to an angle of 60°, and some pure hydro- 
chloric acid is added. ° The inclination of the beaker is to prevent loss by 
spirting during the effervescence. When the effervescence has ceased, a 
little more acid is added, and the whole is then slowly evaporated to dryness. 
The last part of the evaporation must be done in an air bath. As soon as 
the mixture is quite dry, about half an ounce more of distilled water must 
be added along with a few drops of hydrochloric acid, the mixture made 
warm and filtered, what insoluble matter remains on the filter is now thor- 
oughly washed with hot distilled water, the washings being allowed to 
fall into the first filtrate. The residue on the filter should be washed until 
a drop of the washings leaves no residue when evaporated on a bit of 
platinum foil. The insoluble residue on filter js treated as para. 9 directs. 

5. Estimation of the Oxide of Iron, Alumina, gc. The acid filtrate 
and washings are now heated to boiling, and strong liquor ammonia cau-~ 
tiously added, until after the last addition. the mixture smells distinctly of 
ammonia. A brownish red precipitate will have fallen by this treatment, 
this precipitate is now to be collected on a filter, and rapidly washed with 
boiling distilled water. The precipitate or the filter is to be treated as 
para. 11 directs. 

6. Estimation of the Lime and Magnesia. The filtrate and washings 
from the last operation are now well mixed and divided into two equal 
parts, which may be called A and B. In A the lime, and in B the mag- 
nesia is estimated. 

7. Portion A. is now heated to boiling, and while in ebullition 20 
cubic centimetres of a standard solution of oxalic acid are addedf care 
should be taken that the mixture is still alkaline after the addition 
of the oxalic acid if necessary, a few drops more ammonia should be 
added. The precipitate of lime oxalate which has been produced is now 
separated by filtration, and the precipitate is washed by boiling water 
8 or 4 times. The filtrate is now warmed to 60° C., 2 C.C.t of oil of 

® All weights taken must be made accurately with a balance which will turn easily with a mili- 
gramme, when fhe scales are loaded with 50 grammes each. 


t This standard solution of oxalic acid is made by disso)ving 31°5 grammes of ordinary crystal - 
ised oxalic acid in a litre of distilled water. A lohel should be affixed to this solution, to the effect 
that each cubic cent. contains 0315 of a gramme of oxalic acid, and corresponds to 014 of Lime. 

1C. C. Means cubic centimetre. : 
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vitriol are added, and a standard solution of permanganate of potassium 
gradually dropped in, until its color remains permanent. 

The procena just described, is a very rapid and very correct one, for the 
estimation of lime, aud where many limestones or mortars have to be 
analysed, it ia well worth while to prepare and keep ready a small stock of 
the two standard solutiona required, The preparation of tho permansanate 
solation is described below.* The process may be explained thas, enough 
of the oxalic acid solution is added to precipitate, all the lime, and leave 
an excess of itself in the filtrate. The amount of this excess of oxalic 
acid ia then determined by the standard permanganate solution, which 


decomposes the oxalic acid in the presence of sulphuric acid, and at a 
certain temperature into carbonic acid, thugi—= | 

$ Permanganate. Oxalic acid. ae aes Saiphutic acid : 
Ky MnO, + © @ 5 (CHO +. “2H, 80, 

2Mn SO, + 2 KHSO, + 8H,O+° 10 C00,. 
Sulphate of Manganese. Sulphate of Potassium. Water, Carbonic Acid. 


While this action is going on, the fine purple color of the permanganate dis- 
appears, but as soon as it is completed, the color of the permanganate 
remains. ‘The amount of solution of permanganate used to produce this 
permanent color is then read off, and every 10 C.C, of it correspond to 
1 C.C. of oxalic acid solution. All that is necessary to complete the 
estimation of the lime is from the permanganate used to calculate the 
oxalic acid in the filtrate: this oxalic acid is over and above what was 
required to precipitate the lime, and if now it be deducted from the 20 
C.C. used, the remainder has to be calculated out as lime, at the rate of 1 
C.C. of oxalic acid solution, corresponding to -0112 of a gramme of lime. 
The result should be multiplied by 2, as on'y half the filtrate was used. 
The only trouble about this process is the preliminary one of prepar- 
ing the standard solution of permanganate and oxalic acid, but once these 
are prepared the estimation of the lime is easy and rapid, and that can- 
not be said of any other method of estimating hme. 
8. Portion B is now to be employed for the estimation of the mag- 
nesia for that purpose, it is heated to boiling, and oxalate of ammonium is 
added in slight excess. The mixture is then allowed to stand 12 hours 


® 10 grammes of crystala of permanganate rhould be dissolved in a litre of distilled water 
This solution. ahould then be titrated by the standard solution of oxalic acid, so that 10 C.C, ui the 


Permanganate will equal 10.0. of the acid. 
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at the end of this time the precipitate of oxalate of calcium will have com- 
pletely subsided. Now the clear fluid is separated by decantation, and the 
precipitate collected on a filter, and washed with cold water. The wash- 
ings and decanted fluid are now mixed, and ammonia added until the 
solution smells of it, and then solution of phosphate of sodium, the whole 
is then well stirred. If the stirring is kept up for 15 or 20 minutes, 
the whole of the magnesia will be thrown down as magnesium and am- 
monium phosphate, which may be at once collected on a-filter and washed 
with cold water, having about ,}, of solution of ammonia added. 

9, The insoluble residue obtained by process in para. 4, is now, hav- 
ing been dried, incinerated along with the filter and weighed, a certain 
amount is deducted for filter ash, this amount is ascertained by incenerat- 
ing 10 filters, and dividing the ash obtained by 10. ‘The weight of the 
residue is now calculated as a percentage result, and entered in the analy- 
sis as residue insoluble in hydrochloric acid or simply siliceous residue. It 
contains any sand, clay, and organic matter which may be in the sample. 

10. In the case of a hydraulic limestone, the clay in this insoluble re- 
sidue ought to be estimated ; for this purpose, it should be thrown little by 
little into a boiling solution of carbonate of soda (best boiled in a silver 
vessel). The pure silica or sand will be thus dissolved, and the clay left 
insoluble, it is only needful to ascertain the weight of the latter after 
thorough washing, drying and incineration. 

11. The precipitate of oxide of iron and alumina obtained in para 
5, is now incinerated and weighed, and after deduction for filter ash cal- 
culated as a percentage, and entered in the analysis as oxide of iron, and 
alumina dissolved by hydrochloric acid. 

12, The precipitate of magnesia ammonium phosphate obtained by 
para. 8, is also dried, incinerated and weighed, and the amount multiplied 
by 2, as only half the filtrate was used, (it should be well dried before 
incineration,) filter ash being deducted. Every 222 parts of the sub- 
stance weighed contains 80 of magnesia, its composition being the magne- 
sium pyrophosphate Mg, P, O;. 

13. Estimation of Carbonic.acid. Inthe case of a limestone, it is not 
needful to estimate the carbonic acid, as all the lime, and all the mag- 
nesia obtained in the analysis may be calculated as carbonates and entered 
in the analysis as such. Every 56 of lime, and every 40 of magnesia re- 
quire each 44 of carbonicacid. In the caseof amortar, the carbonic acid 
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must be determined as part of the lime existe ag sy deais and part as car. 
bonate. About 3 grammes of the finely pounded mortar are put in 
small flask fitted with a chloride of calcinm tube, and 2 very small tes 
tube: in the latter is put some strong hydrochloric acid. The mortar gt 
bottom of flask is covered with distilled water, the small test tube fall of 
acid is lowered in by means of a piece of fine platinum wire, so as to re- 
main upright, and allow no part of its contents to be spilled. The chloride 
of calcium tube fitted to a cork with a small draught tube, is then adjusted 
to the mouth of the flask, and the whole is weighed. Then the flask is 
inclined so as to spill the hydrochloric acid among the water and mortar, 
(the acid should only be spilled over gradually,) a brisk effervescence en- 
gues from the escape of the carbonic acid when all the acid has been spilled 
over, and effervescence has quite ceased, a gentle draught of air is drawn 
through the apparatus by the mouth, the apparatus being now weighed, it 
will weigh less; the loss shows the amount of carbonic acid. 


Anatysrs or Kuwnxors. 
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Nog. 1, 2 and 8, were sent by Captain Moncrieff, R.B., when he was in charge of the Eastern 
Jumna Canal, 

Nos. 4 and 5, were sent by the late Colonel Anderson, R.E., in connection with the case of the 
Allahabad Barracks. 

No. 6 was sent by Capt. Helsham Jones, R.E., it was being used for the works at Okla, near 
Delhi. 


No. 7 by J. Prinsep, Eaq, 
Nos, 8 and 9, by Capt. Badgley. 
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No. XLVIL. 


ON GRAVATT’S “METHOD” OF ADJUSTING TILE 
“LINE OF COLLIMATION ” IN ALTITUDE. 


By Lisur. Attan Cunninanam, R.E., flowy. Fellow of King’s 
College, London, and Offg. Professor of Mathematics, Lhomason 
C. . College, Roorkee, N. W. P. 


PREFACE.—It is due to the readers of Paper XXL., of these Professional Papers 
“On the Line of Collimation,” to explain that its main object was to define the 
“line of collimation,” and the relative positions of the point chosen for observation, 
and the intersection of the hairs of a theodolite or middle of the horizontal hair of 
a level, also to point out that the reasoning at page $4 of Rankine’s Manual of 
Civil ERngineering Edition of 1870, (by which it is attempted to show that the ad- 
justment of the “ line of collimation ” in the Dumpy Level is unnecessary,) is incor- 
rect, The main assertion of Professor Rankine’s para. quoted is however correct, 
although the proof given is incorrect: the implied conclusion in that paper of the 
possibility and necessity of Gravatt’s Method of Adjustment is tacorrect : this does 
not affect the general substance of the paper; the conclusions therein as to “ line 
of collimation,” and relative positions of point observed and middle of horizontal hair 
of a level are (in the anthor’s opinion) correct, and will be used throughout this paper. 


In this paper it will be shown that “ Gravatt’s Method ” of adjustment 
in altitude of the “line of ccllimation” of a level is a practical failure ; 
viz., that it simply fas (within the limits of practice), even to discover 
any error in that line. As this so called Method of Adjustment has been 
for many years supposed to be the most perfect method available, it is a 
little startling to find out that it is practically useless. 

Most equations employed in Geometrical Optics are only approxima. 
tions: it may therefore be expected of an author objecting to a method 
of such repute to show that the approximations he uses are sufficiently 
accurate.* 


# The firet approximation to the curve locus hereafter discussed came to the author's notice 
in a Paper communicated to the Editor of these Papera by D. M'Mordie, Esq., B.E., Q.U. Ireland, 
The critical discussion of its suficiency, and the experiments are dune to the anthor. 
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It will be advisable first to explain “ Gravatt’s method” of adjustment 
in detail, then to investigate theoretically the possibility of its application 
within practical limits; lastly, very careful experiments made by the 
author expressly to test his conclusions will be adduced. 

“ Gravatt's Method” of adjustment in altitude of the Line of Collimatton. - 

This method in thus performed :— 

Three levelling staves Q,Q,Q, are ranged in a straight line Q,Q;, and 
held as upright as possible: the distance Q,Q, must be within the range 
of good definition of the telescope to be used, (see Fig. 1.) 


Fig. 1. 





The differences of level of the feet L,L,L, of the staves are found as 
accurately as: possible; it is admitted that this can be accurately done 
with a level, even though not in adjustment, by simply placing the level 
midway between staves Q,Q,, and also midway between Q,Q,, and bring- 
ing the bubble to the centre of its run on cach occasion of making a 
reading. 

The level, which it is wished to adjust, is then set up on the line Q,Q,Q, 
as at L far enough from Q, to admit of clearly reading that staff. The 
telescope is directed in the plane of the staves Q.Q,Q,, and the babble 
brought to some definite position, which can be easily recognised (it is not 
necessary that it should be in the centre of its run). The three staves 
Q,9,Q, are now read in succession; it is essential that the telescope 
remain quite steady throughout this period; as the staves are in the 
same vertical plane as the telescope, there is no necessity to touch the 
telescope except to focus it; any departure of the bubble from its original 
position must be corrected by the foot screws. 
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Let Q,9,Q, be the points viewed and read on the three staves in suc- 
cession. 

Now, applying the differences of level of the feet L,, L,, L, of the 
staves already found with their proper algebraic signs to the height L,Q, 
(= the reading on the first staff), the heights L,N,, L,N, at which a 
level line Q,N,N,, through Q, cuts the staves Q,Q, can be ascertained. 

Taking the differences of the heights of the level line, and of the heights 
of Q,, Q, above L,, L, respectively, the differences of level of the points 
Q0,9,Q, can be obtained, thus 


Q.N, = Q,L, ~ N,L,, and ON, = QL ~ N,L,. 

Now if Q,9,Q, lie on any straight line whatever, the following propor- 
tion would evidently obtain Q.N, 3 Q,N, 2: Q,N, ¢ Q,N,. 

Also, if there be no error in the line of collimation, 2.c., if the middle 
of the horizontal hair g, /ig. 1, traverse the object glass axis gC, it is 
easily seen (see Paper XXI.,) that the “ line of collimation” gC always 
coincides with the object-glass axis, and that therefore, the points Q,Q,Q_ 
(which necessarily lie on the “line of collimation” gC) must lic on 
that straight line, and on trying ‘“ Gravatt’s method” the proportion 
QN, > Q:N, 22 QN, 2 QN, will of course be found to hold. 

But, if there be an error in altitude in the “line of collimation,” te, if 
the middle of the horizontal hair be in the position qg, see Fig. 2, (not on 
the object-glass axis Co) its middle point will traverse the line ¢,9,q, paral- 
lel to the object-glass axis in the act of focussing for obtaining distinct 
vision of the staves Q,, Q,, Q, which are at diferent distances from the 
level. (See Paper XX1). 

The “ line of collimation” gCQ (Paper XXI.), will no longer bea fixed 
line, but will have the three positions ¢,CQ,, ¢,CQ:, ¢,CQ, on viewing the 
three staves Q,Q,Q,, so that the three points Q,Q,Q, will not range on the 
object-glass axis oC, and it might be supposed that the ratio Q,N, ¢ Q,N, 
>: Q.N, = Q.N, would no longer hold. 

It kas been actually supposed hitherto that unless the points viewed 
Q,0:Q; lay actually on the object-glass axis oC produced, this proportion 
would not hold, and that consequently if on actual trial, the proportion 
were found to hold good, it was supposed to he a proof that the “line of 
collimation ” was correct, and further, that if on actual trial, it were found 
that this proportion did not hold, it was supposed that the difference of 
the actual length Q,N, from that required by the proportion, viz., 
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ON» OF os a > would be a measure of the error in altitude of the horizontal hair. 
Let it ia be understood that it is this difference of length, viz., 
Q,N, ~ 9N,. Ox that is to say the amount of departure of one of the 


points Q, from the straight line Q,Q, joining the other two, which 
‘‘Gravatt’s Method ” proposes to find (by observation), and to consider a 
measure of the error in altitude of the horizontal hair. 


Investigation of the Curve which te the locus of Q. 


The form of the curve on which all the points viewed, (7.e., covered by 
the middle of the horizontal cross-hair) lie, will now be investigated, and 
it will be shown that it is so flat a curve, that the departure of any point 
on it from a certain straight line (required to be measured hy Gravatt’s 
Method) is so small within the limits practically obtainable, that it falls 
within the limit of the errors of observation, 1.¢., cannot be measured. 

The references are to Parkinson’s “ Treatise on Optics,” 2nd Ed. of 
1866, and to Paper XXL, of the “ Professional Papers on Indian Engi- 
neering,” (Second Series.) It will be assumed as follows :— 

(1). In spirit levels, the focussing screw moves either the object glass 
only, or else the diaphragm and eye-piece together: the instrament should 
be so constructed (by the maker), that (see 7g. 2), in the former case, the 
object-glass “centre” C, (Parkinson, Art. 109,) moves along its axis 
oC, and in the latter case, the middle of the horizontal hair g should move 
either along that axis oC, or on a straight line ¢, q, ¢, parallel to it. 

(2). The “line of collimation” (see Paper X XI.,) is the line gC join- 
ing the middle of the horizontal hair g to the “centre” C of the object 
glass, and is aligned with the point Q, chosen for observation, (see Figs. 1 
and 2.) 

(8). The centre of ‘ the circle of least confusion ” (Parkinson, 
Art. 64,) g corresponding to the point viewed Q is the image of that 
point (Art. 65.) 

N.B. It might be supposed that the achromatic object glass being (in 
common parlance,) corrected for spherical aberration, there would be no 
‘circles of confusion,” (these being due to spherical aberration), but the 
glass is in fact corrected for spherical aberration only for parallel rays di- 
rectly incident, (Art, 223). Now as the use of “ Gravatt's Method” neces- 
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sitates reading a staff as close to the object-glass as distinct vision will 
admit, the incident rays are not parallel, but divergent, and are also not 
directly incident, but oblique whenever the horizontal hair is out of its pro- 
per position (the very case in hand), so that ‘‘ circles of confusion” exist. 

(4). It will be found by actual trial, that the greatest error likely to 
be made in fixing a hair on the diaphragm, and inserting the diaphragm 
in the telescope entails an error or deviation of the horizontal hair, gm in 
figure, from the object-glass axis oC, (the amount of deviation will be 
denoted by &) of less than +); inch... qm = & < ‘1 inch.* 

(5). Again, the smallest levels kept in the Central Instrument Depot 
at Roorkee, which supplies all Northern India, have object-glasses of about 
10 inches focal length, z.¢., the distance of the inner principal foens of the 
object-glass from its posterior surface (hereafter denoted by f) 1s never 
less than 10 inches. .*. fnot < 10 inches, 

(6). Again, if ¢ be the angle of obliquity QCF (Fig. 2) of the axis of 
incident rays QC, i.e., inclination of their axis to the object-glass axis oC © 
then (as is also easily seen by trial), the distance from the horizontal hair 
q to the object-glass is least for distant objects, and increases as the object 
viewed approaches. It follows that f( being the distance between the hair 
and object-glass for infinitely distant objects), is the Jeast distance of q 
from the object-glass. 

-. tang = tan QCF = tan qCo = k + Cm < i = f, for Cm > ff. 
« Also k < -1 inch, and fnot < 10 inches. 
km f ol + 10, 0, < OL. 
But for small angles ¢ < tan @, whichis < & = fwhich < ‘01. 
“ @ < 01 @ fortiori. 

This result is very important as it is entirely on account of the small- 

ness of the obliquity  “ that Gravatt’s method” practically fails. 


First approximation to the locus of Q. 


It is shown (Parkinson, Art. 112 and 113) on the approximate assump- 
tions 


(1). That the object-glass is indefinitely thin. 

(2). That the obliquity @ is so small, that its square may be neglected 
that a = 5 + ~ f being considered negative (Art. 102), because 
the object-glass is to be considered a convex lens (Art. 204). 


* In the figure 9m has been purposely exaggerated to avoid confusion, 
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Second approximation to the locus of Q. 


It is shown (Parkinson, Art. 113, Cor, 4) on the assumptions 
(1). That the object-glass is indefinitely thin. 
(2). That the obliquity ¢ is so small that its fourth power may be 


1 I I l 9” 
neglected, that Gq = % + ay + (1 + ey, ay, 


Comparison of approximations. 


Let CQ =r, QM = y, CM = 2 


* Cg = = from the similar triangles QCM, ¢gCm.* 


kr 


Ist ee ee yoak— F 


2nd " y=k-Z-(1+—)$ 

Let éy be the ae : the ordinates y for the same radius vector r, 
then dy = (1 + ~) $F =. 

It was shown, para. (6), Sis < ‘01, and + ~< “01. 


Also p varies from 1:67 for flint glass, to 1- ‘ for crown glass (Parkin- 
son, Art. 162). 
r-01)8 
Assuming p = 1:6, dy< (a a 7g Aaa 
< *S? x 000001 x r, fe, < -000008 x r. 

Now with a 10 inch level, 300 feet is abont the utmost limit of accurate 
reading. 

.. the greatest value of dy < -000008 x 300 feet, an inappreciably 
small quantity. 

With larger levels the limit of distance r increases say to 500 feet, but 
the small fraction ¢? -* decreases much more rapidly. 

Thus it has been shown that within the limit of distance attainable in 
practice, the curve denoted by the second approximation differs from that 
denoted by the first approximation, by an inappreciable quantity, even when 
the error in position of the horizontal hair is at its greatest. It it obvious- 
ly unnecessary to try any closer approximations, ag far as the powers of 6 
are concerned. 


* N.B,—Positive ordinates being measured downwards, the sign of £, f.¢.,mq = Cd is to be con- 
sidered inherently negative throughout what follows. 
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It should be noticed that these results have been obtained on the approxi- 
mate hypothesis, that the object-glass is indefinitely thin: it is not thought 
necessary to introduce the thickness of the object-glass into the investiga- 
tion, as it greatly complicates it without materially affecting the above 
general conclusion. 

It may now be shown that the locus of -Q is a line differing inappreci- 
ably within the limits of practice from a straight line. 


Sortie eel = 9? ¢" a : 


the same assumption as that by which the first approximation to the locus 
of Q was made, viz., that the obliquity ¢ is so small, that its square may 
be neglected. 

Hence the first approximation q.v., becomes 

yuk - = =k-= a ; 
which is the equation of a straight line whose intercepts on the axes are 
CF = f, and Cd = &, see Fig. 2. 

That is the locus of Q is a curve differing within the limits of practice 
inappreciably from the straight line joining d to F (the external principal 
focus) which is @ fixed line external to the telescope.* 

It is interesting to note that the curve denoted by the second approxima- 
tion, is really a very flat hyperbola, to which dF is tangent at F, of 
which one focus is C, and corresponding directrix a line through d, but it 
is beyond the scope of this paper to discuss this. It follows that the 
quantity required to be measured by Gravatt’s method viz., the departure 


Q,N, ~ Q.N,- on of any one point seen as Q, from the straight line 
Q,Q, joining the other two is within the limit of practice quite inappreciable. 


Experimental Trial. 


In order to test practically the correctness of the above theoretical 
investigations, and to settle if possible finally the question of the prac- 
ticability or impracticability of discovering any error at all in the position 
of the horizontal hair of a level by Gravatt’s Method, the following experi- 


» This agrees with the assertion of pars. 50, page 84 of Rankine’s Mannal of Civil Engineering 
quoted, though from a quite different line of reasoning. 
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ment was made by the author with the assistance of a student®* of the 
Engineer Class, Thomason Civil Engineering College. It is necessary to 
state that great pains were taken to make every part of the observations 
thoroughly trustworthy, the object being to render the experiment a vrucial 
test. At the risk of being prolix, the precautions taken will be detailed, 
so that the reacer may satisfy himself as to the trustworthiness of the 
results. It will be premised, that throughout this experiment 

(1). . Only one levelling staff, a new one with a smooth flat brass foot 
was used: all crror due to dissimilarity of division of different staves 
was thus avoided, 

(2). The pegs subsequently alluded to were all wooden pegs, about 
18 inches long, driven about 12 inches into firm ground, until apparently 
firmly bedded ; the tops of all of them were rounded off, so that the flat 
foot of the staff might rest on only one and the same point on each 
occasion of its erection. 

(3). «All perceptible parallax of the field of view, and the hairs was 
carefully removed before every reading. 

The correctness of position of the bubble of the large level was noted 
both before and after every reading of the staff: no readings were recorded 
unless the bubble had retained its position: the level used was however 
a very steady one. 

(4). The correctness of the verticality of the staff at the time of every 
reading was watched by the author's assistant, who stood a few feet off the 
line of sight abreast of the staff for this propose. 

A large new 20-inch Troughton level was chosen for the experiment: 
it was a very steady instrument : two horizontal Fig. 3. 
hairs were added to the one originally on the dia- 
phragm, each ,},-Inch (by careful measurement) 
distant from the origit] horizontal hair, one 
above, one below it; (see diagram.) 

The use of either of the new hairs produced a 
line of cullimation, which was obviously grossly 
diferent from its proper position: in fact so 
great a deviation could not be made if moderate care were used in the 
insertion of a hair. A distance of 400 feet was chuined carefully in one 
straight line on a fairly level piece of ground; 5 pegs, such as described 

* Mr. W. P. Von der Hurst. 


fet” 
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above, were driven at L, L, L, L, L, (see Fig. 4,) at distances 0, 50, 
100, 200 and 400 feet, respectively, from L,. 
Fig, 4. 





The points half way between the successive pegs were marked with 
arrows in the course of the chaining : the correctness of the bisection of 
the distance between the pegs was tested with a 50 feet tape, and the posi- 
tion of the arrows corrected. ‘The staff was set up on each peg in sueces- 
sion, and the level set up at each of the middle points in succession with 
the aid of a plummet, and the staff read off on the equidistant pegs, the 
middle horizontal hair only being used throughout this operation. The 
results are recorded. 


Tance 1. 
Letract of Field Book of Observations to find dijference of Level of tops 
of the five pegs. 


STAFF READINGS. |DIFFERENCE OF LEVEL. 











Reduced 
Btaves, 

Back. Fore. Rise. Fall, bevel: 
00 | LL, 
L,—T,| 4084 | 38-764 270 ee + ‘2701 Ly 
L,—L,| 4018 | 4358 ae 345 | — 075) Vy 
Iy—~—1,| 8698 | 4571 sie ‘878 | ~ ‘948 | I, 
L,—1L,| 8288 | 5185 a 1897 | — 2845 | L, 





Total, ... 270 BLS | 2°84 














It will be admitted that the differences of level of the tops of the 
several pegs were thus correctly ascertained, all instrumental errors being 
eliminated in taking the differences of the several readings. 

The level was then removed to a point A on the line produced, about 20 
feet from it, it having been previously ascertained that this was the least 
distance at which a staff could be read distinctly, along with distinct vision 
without parallax of the hairs. The furthest staff, L,, was thus about 426 
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fect distant; this was about the limit of distance admitting of accuracy 
of reading. 

The staff was set up in succession on all the pegs, and readings taken 
on it at each peg from each of the three horizontal hairs. Whilst the level 
was at this point, the telescope was not touched, except from the neces- 
sity of focussing and correction of slight dislevelment caused by handling 
the focussing screw and eye-piece. The readings with each of the 3 
horizontal hairs were recorded on separate field-book pages, the object 
being to ascertain, (if possible by this method), the amount of deviation 
from the object-glass axis of cach hair. These readings are recorded in 
3rd column, Table II. 


* Tasie II, 






































. Reduction of readings on the five staves. 
_| 6 Depucrd uKieHts oF | Calculated | Depart 
& J @ Height of roINts VIKWED, VIZ, Q. | heights ahove point sfesbol 
el gs. | 5 ets Lot ee a | Qf the vie. Q fromthe 
u 4 traight line | suraight lin 
a i aé E see Table I.| Above L,. wey | amore, [geet | ee Above Q- Q, Q, pr tine a (0, . 
“4 Pte | aaa | 
~ | L, 0 | 2-707 000 2:707 "000 "000 000 
‘a ] DL, | 50 | 2107 | + °270 2:77 — °330 — ‘880 000 
Mir, | 100 | 2123 | — -075 2048 { — 659 | — -660. | + -001 
ry L,| 200 | 2841} — +948 1393) | —1°314 _ =. B20 + 006 
| L,| 400 |289 | — 2645 045 | — 2°662 2640 | — -022 
A] OL, 0 | 2793 ‘000 2°793 000 000 “O00 
mi | ZL] 60 [2411 | + -270 2681 | — 112 — ‘112 000 
y | Ly} 100 | 2-662 | — 075 2°587 — ‘26 wwe (D4 + 018 
=| 1,| 200 | 3-328 | — -948 280 — 413 — 448 | + 035 
S L, | #00 | 4:79 | — 2°845 1945 | — 848 — 896 + “048 
4 L, 0 | 2:872 "000 2°872 000 000 000 - 
miL,| 50 (2-706 | + ‘270 2976 | + 104 + °104 000 
TY TAN 1 O.1nae | of V7 Q11e L. AR +1. One 1 Zoe 

















N.B.--The correction for curvature and refraction amounts to only °001 at 220 feet, and °004 at 
420 feet, and has been n¢glected. 
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Discussion of the Results of the Earperiment. 


The last — Table II., shows the values of the quantity. 
N, - . Ns at staff 3, 
®, ON, an ‘ viz., the departure of the points ac- 
QN, — QN,. a tually seen Qs,Q,,Q, from the straight 
line Q,Q, produced 

Q,N, — Q,N,. wat staff 5, ee 
which it has been = acl i8 the resulting quantity upon the magnitude 
of which the amount of collimation error was to have been estimated. 

The extremely small amount of this quantity, and also its irregular 
variation in the case of the fipper and lower hairs (which are presumably 
very incorrectly placed) is particularly to be noticed: it is remarkable 
that this quantity is actually greatest in the case of the middle hair (which 
is certainiy the most correctly placed of the three hairs). 








Consider the probable errors of observation: it will probably be admitted that 
an error of -001 might occuy in the reading on staff I at 20’ from the level. 
» 002 5 ol Dat TO, 
” ‘01 “ ‘ ” 5 at 420! 9 
The first’ two combined would canse a possible error of -003 in the 
length Q,N, which would be exaggerated eight times in the height calcu- 
dated from the proportion at staff 5. 
The three errors combined might there produce a possible error of 


8 x (001 + 002) + :01 = 024 + :01 = :034 in the resulting quan- 
tity (Q,N, — Q,N, . ZR!) at stall 5. 


N.B.—Tt has not wack inniehe worth while to consider the correction 
due to curvature and refraction as it amounts to only -004 in the whole 
distance. 

On the whole the anthor considers the calculated departures of Q,,Q,,Q, 
from the straight line QQ, produced, to be chiefly made up by errors in 
observation, after making due allowance for which the residual quantity 
is either nil or too small to warrant trustworthy conclusions being drawn 
as to the correctness or incorrectness of position of any of the three hairs.* 

# An experiment similar to the ahove (on a smaller scale) was performed with the same instrument, 
with the same act of hairs on a terraced floor on another occasion : the extremo distance of observa- 
tion waa only 120 feet, but the distances were much more carefully act out with a pair of 12 feet rods, 


on the level floor than was possible in the cxperimeut in the open shove detailed. The result was 


that the departure of Q:; from the straight line QiQ2 was atill Iess appreciable with any of the three 
hairs than in the experiment detailed ubove. 


Practical Conclusion. 


It having been shown that all the points such as Q (which are covered 
after correct focussing by the middle of the horizontal hair), lie on the 
straight line dF, this line may be considered the virtual line of siyht: 
(it must not be confounded with the real line of sight gCQ). 

The necessury adjustments of the Dumpy, Troughton or Gravatt’s 
Levels, will be only two. 
(1). To sect the large level parallel to the virtual line of sight. 

(2). To set both these (after having been set parallel to each other) 
perpendicular to the vertical axis. 

A siwnple way of effecting the former, is the following, slightly modified 
from one practised by Ensign P, Keay, Head Master, Thomason C. E. 


College. 
To set the large level of a Dumpy, Gravatt, or Troughton level 
parallel to what has been above called the “ virtual” line of sight. :— 


Place two pegs, AB, at any convenient distance apart on a tolerably level piece of 
ground soft onough to adinit of eusily driving pegs. Bisoct the distance between 
them carefully, and place the level to be adjusted over this middle point with the aid 
of a plummet. Level the instrument as well as its incorrect adjustment will allow. 
Direct the telescope on a levelling staff held upright on peg A, with the bubble at the 
middle of its run. Record the reading. 

Reverse the telescope, and direct it on the same staff removed to the peg B: if ‘the 
bubble has left the middle of its run, bring it back to that position by the foot screws 
and record the reading on B. ‘ 

It will be admitted that this process will give the difference of level of the heads 
of the pegs accurately. Now place the staff on the higher of the two pegs ; direct 
the telescope on it, bringing the bubble to the centre of its run if necessary. Now 
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tap: thts pog.genily. lite tho grown, smi ha eaing nth ateff ia the some as tat 
on the ‘staf’. when on ‘tee lower peg. 

The heads of the pags: will now be on the same level. 

Now remove thé level on to the line AB prodnecd at a sufficient distanee from the 
nearer peg to admit of distinctly reading the staff when placed thereon. 


Then (a) in the Dumpy or Gravatt Level :— 


Direct the telescope in the same vertical plane as A and B, and bring the bubble 
to any convenient position (say the middle of its run), and again record the readings 
on the staff on pegs A and B, altering the focus and vye-piece as necesaary, but watch- 
ing the bubble to see that the telescope remains sfeady throughout. (Any change in 
position of the bubble to be corrected by the foot screws.) If the readingson the staves 
are (as will probably be the cas) different, this shows that what has been above 
named the virtual line of sight of the instrument is not level. 

Now tilt the telescope with the foot screws slightly in the direction indicated by 
the readings, (7.e., object glass down if the reading on the further staff be the greatur 
aud vice verséd), and again record the readings on both staves, watching the bubble, 
which is of course in a new position, merely to see that the telescope remains steady 
whilst the focus is being altered. This operation must be repeated till tho readings 
obtnined on both staves ure the same. 

Tt will then be adimitted that the © virtual line of sight of the telescope” is a level 
line. If the bubble be now, as will probably be the case, not in the middle of its run, 
it shonld ke brought to the centre of its ran by the adjusting serews in a Gravatt’s 
or Dumpy Level. 


And (6) in the Troughton Level :— 


The level being a fixture, it cannot be sect parallel to the line required, if not already 
so, But the latter, (viz., the “virtual linc of sight”) may be shifted so as to 
become parallel to the former, (viz., the level) by shifting the diaphragm, which alters 
the position of the line gd (Fig. 2), and therefore also of dF the virtual line of sight. 

Direct the telescope in the same verticnl planes as A and B, and bring the bubble 
to the centre of its run, and retain it there thronghout the remainder of the process 
(by moving the foot screws if necessary). Record the readings on the staff held on 
pegs A and 3, altering the focus and eye-piece as necessary, 

If the readings on the staves are (as will probably be the case) different, this shows 
that what has been above named the virtual line of sight of the instrument is not 
level. 

Now tilt that virtual line of sight by shifting the diaphragm slightly in the diree< 
tion indicated by the readings, (7. ¢, diaphragm wp if the reading on the staff be the 
greater, and vice versd), and again record the readings on the staves, ‘This operation 
must be repeated till the readings obtained on both staves are the same. 

It will then be admitted that the “ virtual line of sight” is a level line, and there- 
fore parallel to the large level. 

This latter method is applicable also to the Dumpy and Gravatt level, but the former 
method will probably be found the easier in practice, as the foot screws ar@ more 
easily handled than the diaphragm-screws, 

2, The second adjustment must now he performed in the usual way. 
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Note upon an “ Example” of application of Gravatt’s Adjustment re- 
corded in FE’. W. Simms’ “ Treatise on the Principal Mathematical Instru- 
ments,” Sixth Edition, 1844. 


At page 35 of the above,an “ Ecample’’ is recorded, in which it is stated that the 

quantity Q,N,—Q,N, . oN was ‘l1 of a foot, the distance I, L, being two (Gunter’s) 

2° "2 

chains, and L,1., six (Gunter’s) chains, a quantity far larger than the theoretic in- 
vestigations indicate as possible, and also too grent to be ordinarily due to observation 
errors : it seems (to the author) very unlikely that the horizontal hair of this in- 
strument could have been so far out of position as the upper and lower hair used in 
the author’s expcriment (detailed), which had been purposely placed as far out of 
proper position as seemed possible, nevertheless the residual quantity is far larger 
than in the anthor’s experiments. 

This seems to require explanation.* It is not stated whether the “ Example”’ is 
merely a numerical illustration of the method, the actual figures being hypothetical, 
or whether it is a copy of actual field observations. ‘The context of about half the 
Example decidedly points to the latter, and the context of about half is consistent 
with the former alternative. One sentence however scems to render the former con- 
clusion more probable. The words in question are “The instrument being now 
placed at @ (say five feet from a, but the closer the better )” 

Had the example been taken from field observation, the position of the instrument 
would hardly have been mentioned in such a doubtful way: but the distance of five 
fect is actually too small to admit of correct readings being made, so that the ex- 
ample is either not from actual field observation, or else is an inaccurate one, and no 
argument as to the practicability of “Gravatt’s method” can be drawn from the 
apparent sufficient magnitude C11 of a foot) of the quantity from which the in- 
ference is to be drawn, 


» Simms’ Treatise being considered an altthorit: 
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ADDENDUM. 


Aw objection has been raised to the process here proposed for adjusting 
the Troughton Level, page 509 (b) g. v., viz., “ that this very process has 
been employed with success to discover and then correct the error in alti-~ 
tude of the ‘line of collimation.”” It is scarcely necessary to point out to 
a reader who has understood the investigation given, that the process in- 
volves the same theory as that of “ Gravatt’s Method,” and the success 
supposed to be obtained is as far as discovering or correcting any collima- 
tion error wholly imaginary. 

It was supposed that if by any means (either by moving the foot 
screws or diaphragm screws) two points known to be on the same level, 
(at diferent distances from the object-glass) could be scen through the tel- 
escope, that, therefore, ‘‘ the object-glass axis was level, also the middle of 
the horizontal hair was in that axis,” z.¢., that there was no collimation 
error. 

This, however, cannot be accepted without adequate proof: all that can 
be legitimately inferred (see the investigation in this paper) is that the 
“ virtual line of sight,” d¥ (see Fig. 2.) 28 level. 

However, as experiment is more convincing to many, the author per- 
formed the following experiment with every possible care. 

The level described on page 504 with the diaphragm mounted with 
three hairs, as in Fig. 8, before used, was used again. It will be admitted 
that the upper and lower hairs could not both be on the object-glass axis, 
(3. ¢., that one of them at any rate involved a collimation error). 

The process described on pages 508 and 509 was very carefully follow- 
ed, as for a Dumpy or Gravatt Level (with the same precautions as on 
page 504), the distance of the level from A being 25 feet, and from B 
being 125 feet. It,was found to be not only possible, but easy, by the motion 
of the foot screws alone, to tilt the whole telescope into two such positions 


510n Gnavatr’s ‘ METHOD.” 
F . 

as to make two equal readings on the two staves, 3. ¢., to read along a level 

line, (1) when the upper hair alone was used, and (2) when the lower 

hair alone was used. 

This experiment conclusively shows that the process proposed, (which 
was supposed to afford a means of discovering a collimation error,) does 
not warrant any inference as to the correctness or incorrectness of the 
line of collimation. All that can be inferred at the conclusion of the 
process is that ‘the virtual line of sight is level.” 

A. C. 
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EXPERIMENTS ON ANDAMAN WOODS. 


By J. Bennerr, C.E., Executive lngineer, Port Blair. 


Tue following Notes on the Botanical names, &c., of the trees of this 
List of “ Andaman Woods” has been kindly furnished to the Hditor by 
the Conservator of Forests in British Burmah. 


1. (AL) 


2 (B.) 


3. (C.) 


4. (D.) 
5. (.) 


6. (F.) 


7. (G@,) 
8. (EL) 


9. @.) 


10. (J.) 
11. (K,) 


12. 


Papouk. (Pterocarpus indicus.) Yields gum kino: there are two 
@kinds in Burmah, the red and the white—the red furnishes the finer 
timber. It is plentiful in Tenasserim. 

PyenManH. ( Laogerstremia reqaue) Abundant in the low lands of Bur- 
mah: good timber for boat building ; keeps well under water, but 
not well adapted for honse posts. 

YOUAY-GYKE. ( Adenanthera pavonina.) Yields hard tough wood : to 
be found on the Southern part of Tenasscrim, 

GANGUA. 

THINGAN. (Hopea odorata.) Abundant in Tenasserim, scarce in Pegu 
and Arracan: useful for boat building. 

TOUNG-PEING. (-lrtocarpus echinata and Chaplusha.) Found in Ten- 
asscrim, where the Burmese valac it for boat building. 

BAM-BWAE. ( Careya arborea.) Not much worth ;: plentiful in Pepu. 

THIMMIN ( properly Thitmin.) ( dgathis loranthifelia.)  VPlentiful in 
Tenasserim : used by carpenters for light work. 

KANYEEN. (Dipterocarpus alutus and levis.) The wood oil tree: 
valuable principally forits oil: plentiful in Burmah: will not stand 
wet, and very much subject to white ants. Makes very good charcoal. 

KUPPALEE-THEET. (Sonneratia?) Notknown: I think peculiar to the 
Andamans. 

NABBHAY. ( QOdina wodier.) Not uncommon in Tenasserim: grows to 
12 feet high. Wood red and hard, used for rice pounders, &c. 

TEAK. ( Tectona grandis.) Plentiful in Tenasserim and Peyn, scarce 


in Arakan. Also the Hamilton teak, a very inferior kind, is wnet with 
in Pegu. 
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No. XLIX. 
BULL’S ANNULAR KILN. 


Deseriplion of’ a Kiln for burning bricks by anew and improved me- 
thod, invented and patented by W. Burr, Esq., Resident Jingineer, 
Oudh and Liohileund Railway. 


TRE consumption of wood in burning bricks for the large public works 
now being carricd ont in India, is gradually denuding the country of its 
finest trees, principally mangoe. That this isa matter for regret will I 
believe be generally allowed, and any method resulting in a diminished 
consumption will 1 feel sure benefit the country generally beyond the mere 
question of economy, (itself a mattcr for serious consideration.) ‘The me- 
thod or principle which, with its practical application, is described in this 
article, will be found to have realized the desired result, to an extent 
which will depend in a great measure on the care taken in carrying it into 
practice. 

The accompanying plan with a short description will explain this me- 
thod. It is applicable either to an annular kiln, suitable for continuous 
burning, or te one of oblong form. When the necessary space can be 
obtained, the former will be found the better plan. | 

A length, say of 50 feet, having been built, loading can if required, 
be commenced, and until the entire circle is completed the operations of 
building, loading and burning can be carried on simultaneously. 

The saving in time resulting from this is obvions, as the supply of 
pucka bricks can be commenced three weeks after first starting operations, 
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and it will be found that six flues containing 14,400 bricks can with case 
be fired daily ; and—with a percentage of 66 only of 1st class bricks—a 
single kiln is capable of turning out 8 lakhs per month. The length 
mentioned having been built, 2 wall should bo run up between two flues 
at one end, and loading commenced. The method of “ setting” shown 
in the plan, is snilable for bricks 83” x 4}” x 22”. If a larger size 
be required, the number of air passages and concentric walls can be reduced. 
In the plan given, the walls should be 4 inches apart, the spaces between 
the outer walls and tho casing of the kilu being a little more. 

The concentric walls are covered by a brick-on-edge, the length running 
across the kiln, every alternate row of which spans the air passage ; 
the intermediate bricks being on the walls, thus giving the open work, 
called by the natives “ jingree.”’ On this open course, a brick flat should 
be set as close together as possible, and flushed over with soft mud, to 
effectually close all interstices. 

Between the 10th and 11th flues for a space 1-6’ broad, the open brick 
and brick flat should be omitted for the chimuey, which may cither be of 
sheet iron as shown in the plan, or be built up of loose bricks, which can 
be taken down and used for the next chimney as required. A compact 
layer of ashes or earth 9 inches thick, should now be spread over the 
whole up to the chimney, and firing commenced in the first two flues. 
It should be carried on as briskly as is consistent with a complete combus- 
tion of the fuel. If forced beyond this, an accumulation of charcoal in the 
flues, and a greater expenditure of fucl is the result. After six hours a 
third flue should be opened, and again every successive 6th hour another, 
for the first two days. T*orty-cight hours after commencing firing, the 
flues can be opencd every four hours, and this rule can be continued re- 
gularly. 

The two first flues fired will be ready in from 56 to 48 hours, but after 
the second day, as the bricks in advance of the flues being fired, and the 
kiln itself, get thoroughly heated, it will be found that 24 hours’ firing will 
be sufficient; and there will thus be six flues firing al one and the same 
time, 

If the wood be dry and firing well attended to, this time will he de- 
creased and the number of flues proportionately Jess. In the meantime 
loading has been going on, and by the time six flues have been fired, 
should have advanced far enough beyond the first chimucy to put up a 
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second, the operation of covering in being repeated in the same way as 
before. This being done, the first chimney should be removed, and the 
space covered up like the rest. This is to be carried on regularly, bearing 
in mind that the firing should never be allowed to come within the length 
of four flues from the chimney. After the draught has been thoroughly 
established, the mouths of the ash flues can be closed ap with loose bricks, 
but not plastered until the 50th flue has been fired. They can then bo 
entirely closed and the air for the combustion of the wood can be supplied 
by opening the mouth of the 20th ash fluc in the rear of the firing flues, 
and successively as each flue is closed, another ash flue can be opened, and 
the one last opened, closed. By the time the 90th flue has been fired, 
unloading can be commenced, tho ashes having first been taken off, and used 
on the part being loaded, which will by this time, have advanced within a 
short distance of the part first fired; the lower flues can also be opened up 
to the 50th in the rear of the firing, and this should be done regularly. 
The kiln now is in full operation, which can be continued all through the 
working season unless stopped by rain. If, however, inthis case the loading 
is well in advance of the firing, the latter may be continued at a dimin- 
ished rate, say by opening a flue every six hours or even less often, as it 
is a great object not to stop entirely. 

One man on each side, with a change for the night, will be found 
sufficient for firing the kiln; with an experienced man to superintend the 
final closing of the flues. The firing is under easy control, and the time 
for finally closing the flues can be known by the amount of settlement. 
About two inches all over will be found sufficient. If one part settles 
more than another, the firing should be lessened in that particular part. 
The ashes or earth should have been spread evenly, and the settlement 
can then be seen by using a straight edge across the top. Dy taking 
a sample brick from the top of the outer wall, it can also be seen when 
the bricks are thoroughly burnt. It will be found in practice that the 
flues on the inside of the circle will be.ready before those on the outside, 
and in the proportion the lesser length of the inside concentric walls 
bears to that of the outside. There will at times, therefore, be a flue loss 
firing on the inside of the circle. 

The following statements will show results from a section of ten flues in 
actual practice, the number of hours fired, the quantity of fuel consumed, 
and the cost of the out-turn. The ten flues chosen are somewhat under 
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the average as regards result, having been fired when the kiln was quite 
new, and damp. After passing the part first fired, there is a sensible 
decrease in the consumption of fuel, and corresponding saving in cost. 




















. E 3 E 3 Ont-turn. | 

gS iaia| 4 ee Gate 

Su jg 3 c Ist class, |2nd Olas | Class | Ballast. 

sé | 5 x 

Ez a 

Bl | 22 | 23 | 2400 |} | The wood used was 
dry mango wood, 

B2 | 32 | 23 | 2400 taking 5 cubic fect 

53 | 26; 23 | 2400 closely stacked, to 
the maund. 

54 | 25 | 23 | 2400 

55 | 18 | 23 | 2400 


| .18,500| 2,400 | 2,750 | 850 
56 | 17 | 28 | 2400 


57 | 27 | 23 | 2400 
58 | 18 | 23 | 2400 
69 | 9 | 28 | 2400 
60 26 | 2400 | J 


oO 


STATEMENT snowing Cost, 





Rs, A. P. 
24,000 kucha bricks 83’ x 43° x 23” at Rs. 1-4-0, ] 
Loading tho same, at Rs. 0-6-0, .. «2 «2 o- 0 
Firing do., at Rs, 0-2-0,.. 06 os oe os “| 48 0 
Unloading do., at Rs. 0-4-0,.. «2 os os os 
283 maunds of wood, at Rs, 24, «2 se oe oe 56 0 O6 
Cost of kiln per 1000 fired in one scason, 
at Rs. 0-4-0 .. 22 oe 00 ce ee tee 6 0 0 
Superintendence, &c., at Is. 0-4-0, 2 ee oe 6 0 9 
Total Rs., .. 116 0 0 
which divided proportionately gives .. + «2 s+ os 
18,500 Ist class bricks, at Rs, 5-4-3'2, per 1000, 98 7 3 
2,400 2nd 4, 55 » 40-0 ,, 99 7 
2,750 8rd yg » §0-0 , 8 40 
850 Ballast at Rs. 2,.. «2 eo «os ee o¢ 011 2 
Total Rs. «« 116 0 0 


The kiln can be built either of mud with kucha brick flues and floor- 
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ing, or with kutcha bricks set in mud, entirely. In the latter case, it will 
cost about Rs. 450, and this distributed over a season’s burning, taking 
the minimum quantity at 300,000 bricks loaded per month for six months 
will be 4 annas per thousand. In addition to great economy, there are 
other advantages resulting from burning bricks by this method, viz., 
perfect regularity:and system in working, an absolute certainty of a fixed 
number of 1st class bricks daily, as long as the kiln is in operation :—ease 
in firing, the strongest winds having no effect on it: —a minimum of break- 
agerand distortion :—and thoroughly annealed bricks, from the fact of 
their being completely covered in, and allowed to cool very slowly. 

It will be found an advantage to use a moveable sheet iron chimney as 
shown in plan, to assist the dranght, but if not available, a temporary one 
can be built up as before mentioned, and need not of necessity be more 
than 3 feet high. In firing, the mouths of the flues should be kept open 
only just sufficiently long to admit of the necessary quantity of*wood 
being supplied, then closed by the earthen dummy, and plastered witk-soft 
mud, The small hole in the centro of the dummy will, will allow the 
men firing to see when more fuel is required. 

Tiles of all sorts which can be “set” on the concentric walls, can be 
burnt to perfection in this kiln, and if placed in favorable parts, can 
be turned out with scarcely a single failure, owing to the small height of 
the kiln, and consequent light load, and minimum of breakage. 

In conclusion, I have no hesitation in stating, that the bricks burnt by 
this method, are on the whole more thoroughly and uniformly burned than 
in any other kiln I know of in use in India. 


W. B. 
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MAYO HOSPITAL, LAHORE. 
[ Vide Photograph, and Plate Nos. XLIIL and XLIV.} 


Communicated by W. Puxnoy, Esq., M. Inst. C.E., F.G.S., Supdy. 
Eugineer. 

Photograph executed by Rat Kunuya Lat, Assoc. Inet., C.E., Exec. 
Eugineer. 


Tats building has been lately erected at Lahore, under the Superinten- 
dence of Rai Kunhya Lal, Exec. Engineer, Lahore Division, from the 
designs of Mr. W. Purdon, Supdg, Engineer. It is considered a hand- 
some bnilding, and well adapted for the ptirposes for which designed, 
The following estimate shows the cost at which the building has been 
actually constructed: and as such is a record of the cost of such works 
in Lahore, and the neighbourhood, in the years 1871-72. 

The above building is situated behind the Sudder Bazar, Anarkullee, 
Lahore, on the elevated piece of ground to the south-west of Ruttun. 
Chund’s Serai. Its style of architecture is “ Ztalian,” and in designing 
it, the general principle of hospital accommodation for natives, contained 
in Government of India’s Circular, No. 19, of 5th March, 1866, has been 
adhered to, with such slight modifications as the special nature of the 
building demanded, so as to suit it for the purposes for which it is re- 
quired at Lahore, viz., a School of Instruction, as well as an hospital. 

The building is double-storied, the principal facade is 408 feet long, 
the breadth being 514 feet. 

It consists of four main wards, each 1154’ x 223’ x 16! (two in the 


lower, and two in the upper, floor), with dispensary, out-patients’ room, 
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clinical clerk’s rooms, and room tor private examination, in the lower 
floor of the. centre part of the building; operating room, store-rooma, 
house surgeon’s rooms, and room for operating instruments, in the 
upper floor of the same ; wash-houses, and in-door privies, (the former fit- 
ted with different kinds of baths for patients,) in the projections at the 
four corners, which are quite distinct from the wards, but connected to 
them by a verandah, which acts as a sort of covered passage; thus all 
offensive odours are cut off from the wards. | 

Access to the upper floor of the building is given by a flight of steps 
12 feet wide, (sufficient for taking beds up and down,) situated on one 
side of the centre part of the building. 

Flights of narrow steps are also constructed outside the building, for 
the sweepers and bheesties to get access to the upper floors of the wash- 
houses and privies. 

In the centre of the building is a hall, 18’ x 18’ inside, with a four-storied ' 
tower over it, surmounted with a dome, terminating in a stone pinnacle, 
and iron finials, gilt at top. The height of the towor above floor level, 
is 107 feet, and above the adjacent ground 120 feet, which is nearly as 
high as the minarets of the “‘ Badshahee Musjid,” the highest building in 
the City of Lahore. 

The wash-houses and in-door privies have also a third storey over 
them, with open archways, covered with a slate roof of equable slope, 
terminating in a point. | 

The building is constructed of the best mortar masonry, faced with dregs- 
ed bricks; the foundations are 8 feet deep, 8 feet of which consist of the 
best concrete, well consolidated. The floors are made of dressed square 
tiles, set in lime, on concrete, with fine joints. The main building has a 
slate roof, supported on strong trusses made ‘of deodar wood ; the. ver- 
andahs are roofed with beams, kurries, and planks, of the same wood, 
having lime terrace over the planks, on a layer of small bricks laid flat. 

' Upper floors of main wards are also tiled, supported on burgahs and 
trusses of deodar wood, with iron tie-rods; those of centre rooms and 
verandahs are arched, the latter having tie-rods to carry the thrust. 

The main outer cornice is of red sandstone, properly cut, and support- 
od on stone corbels. 

The doors are made of the best deodar wood, varnished. | 

The upper. wards and centre rooms have neat boarded ecilitigs of 
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deodar wood, pierced with holes for ventilation, which open into the 
triangular space between the ceiling and the rafters of the roof, which is 
ventilated by means of windows in the gable ends, and wooden towers in 
the middle, fitted with venetians, which communicate with the air 
outside. 

The centre rooms are ventilated by means of round windows in the 
walls, close under the wall plates. 

The drainage from the roof is passed throngh iron water spouts fitted 
into holes in the parapet wall, one over every pillar, and the space round 
the building, for a width of 18 feet, is metalled with kunker, with a good 
slope outwards, so as to lead the drainage away from the building. 

The building was originally designed for native patents only, but a por- 
tion of it is, now, partitioned off, for the use of European patients 
also. 

The building faces north and south, and affords accommodation for 104 
patients, giving 108 superficial feet of space, and 1,732 cubic feet of air, 
per patient. 

The out-bnildings consist of & ward 90 x 20’ for contagious diseases, 
with verandahs round it; dead house 18’ x 18’ with a verandah on the 
west face; cook-house (having separate compartments for Hindoos and 
Mahomedans), privies, servants’ houses, and an out-door lavatory. 

A low compound wall of pucka masonry, with ornamental iron gates, 
surrounds the buildings. 

The above buildings have cost as follows :— 


BS. A. P. 
J.—Main Hospital covering an area of 26,000 pti feet, 

@ about Rs. 5-6-0 a foot, ons ee 1,40.204 11 & 
I1.—Out-houses do., 8,361 superficial feet, @ aboutRa. ‘1-7-08 foot, 11,855 9 2 
I{I.—Compound wall, including iron gates, ose soe 5,977 15 1 
IV.—Miscellaneous charges, levelling ground, and making 





Total Rs, 0. 1,598,941 3 8 
Of this sum, Government gave a grant of a lakh of rupees from Impe- 
rial funds, and the rest was met from Local funds, the Municipality of 
Lahore paying Rs. 26,697. 
The late Viceroy inspected the hospital on the 18th November last, and 
was pleased to signifiy his consent to its being called “ The Mayo Haspital.” 
The accompanying plan illustrates the above, and the abstract gives the 
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actual quantities of work, in the different i together with ite 
working rates and cost, be Oe ae 


Extract from Report of the Lahore Medical School for the year 1871-72, | 


The main building consists of a centre facing north and south, and of 
two wings placed parallel to the centre, but a little behind it to secure 
free ventilation. 

Each wing is occupied by two large wards, one on the upper story and 
the other on the lower floor, each of which is constructed for 24 patients, 
or 12 on each side. 

Each ward measures 1154 feet long by 224 feet’ wide, and is 18 feet 
high; so that its total cubic contents are 46,777 cubie feet, and its super- 
ficial area is 2,598 feet. 

Hence the wall space for each bed is nine and a half tec the superfi- 
cial area is 108 square feet, and the total cubic space for each is 1,949 cubic 
feet, or, ifthe beds and the persons are deducted at the rate of ten cubic feet 
for each bed, and three for each person, there will still be 1,936 cubic feet , 
of air available for each patient; while the amount laid duwn as necessary 
for hospitals in the tropics is only 1,500 cubic feet for each person. 

The arrangements for ventilation are also most excellent. Each ward 
has seven doors on each side and one at each end; each door measures 4 
feet 2 inches in width and 7 feet nine inches in height; so that the open- 
ing of each equals 32 square feet 3 inches; and, as there are 16 doors in 
every large ward, the total amount of space for the admission of fresh air 
is 416 square feet. 

It is usually considered that 3,000 cubic feet of air are sufficient for a 
person in one hour; so that 72,000 cubic feet would be required for the 
24 patients in each ward. This would be supplied by the passage of 170 
feet of air through all the doors per hour, or of 340 feet, if half of the 
doors were only used; but this would necessitate the passage of only 5 
feet 8 inches a minute, or little more than 14-inch per second, an 
amount whick is quite imperceptible and would cause no draught. Besides 
the doors, there are ventilators above each door, measuring 9 inches by 
4 feet 2 inches, and two openings in the lower wards near the ceiling 
measuring 9 inches by 16 inches, which lead into the upper verandah. ° 

In the upper wards the ventilation is effected through the ceiling itself, 
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4 oe is bit dar "a ho commana of fhe alape of ‘he roof, fait 
2 i ts di 7 12 cirpalse, ‘ventilators about: 1, foot, in. Aisin; 
| ph empty trlangalar pare | bei oen the tiles and the boarded colling : 
‘ans the ‘upper wards comparatively cool, even in the hottest weather, | 
aad it has ventilators at each end and a ventilating turret in the middle. 

There are two Gre places in each ward, in which wood was burnt during 
the winter nights. These kept the air of the ward always above 58° F., 
which is the ‘usual temperature of a house in Lahore during the frosty 
weather. 

Access to the upper floor of the building is afforded by a stair-case, 12 
feet in width, and quite straight, to facilitate the carriage of bads up and 
down. There are also smallor stair-cases in the towers at the end of the 
building for the sweepers and bheesties. 

The lower wards are allotted to native male patients—that on the 
west side to Mahomedans, and that on the east to other sects. Of the 
upper wards the one most remote from the public stair-cases has been filled 
with femaie patients; while the west upper ward at present is occupied 
by European male patients, of whom from three to six are generally 
present. 

The centre of the building is divided below into the dispensary and 
medical store-room ; also the rooms for the examinations of out-patients ; 
of which there are three, one for medical cases, one for surgical, and one 
for opthalmic cases. There is also a room for the private examination of 
patients, and the microscopical and chemical examinations of the products 
of disease. 

In the upper floor of the main building are contained the general store- 
rooms and the wards for eye-patients, the windows of which are darken- 
ed by blue paper; also apartments for the resident clinical clerks; while 
the north verandah is rendered available for an operating room by the in- 
sertion into one of the arches of a piece of plate glass, and measuring 3 
feet by 7 feet: this affords a clear upper light at all times of the year, 

There is also a ward for contagious diseases, separated from the main 
hospital by a wall; it consists of a large room ventilated by four doors 
and a skylight above. This has been used lately for several small-pox 
cases, and other diseases. This room is 20 feet in every direction, and is 
ventilated by an upper sky-light as well as by the four doors. 
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c. ft. 
04,334 
89,373 
47,276 
17,075 

179,489 


2,360 
a. ft. 
21,376 
9,789 
10,720 
9,765 
13,956 
1,400 
53,818 


8,288 
6,874 
85 

r. ft. 
1,465 
No, 
894 
r. ft 
232 
172 
8 

2 

r. ft. 
4 

s, ft. 
172 
2 

1 

s. ft. 
800 
1 

r. ft. 
$12 
s, ft, 
442 
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ABSTRACT ESTIMATE 


I, Matin Hosrrran. 


: RA, A. B, 
Excavation of foundation, at Ra. 8 per 1000, © »o 288 0 0 
Concrete work, at Rs. 10 per 100, © «© «© «© « 8987 9 @. 
Pocka masonry of foundation, at Ra. 15 per 100, ‘ - 7,091 2 8 
Packa masonry of plinth, at Rs. 22 per 100, , . 8,755 10 9 
Dressed pucka masonry of superstructure, at Rs. 31-9-5 
per 100, e e ° ° e e e e e . 55,910 5 7 
» 99 9s Of upper part of tower at Rs. 33-3-9 per 100, 784 5 8 
Tiled floor, at Re. 14-2-8 per 100, —. : _ » » 8,028 1 7 
Arched floor, at Rs, 84-15-1 per 100, . ; ‘ ; . 8,420 10 10 
Wooden floor, at Rs, 74-15-11 per 100, oe -> . 8039 2 & 
Flat terrace roof, at Ra. 59-15-10 per 100. . ; ;: . 5858 1 O 
Slate roof, 14 to 23 feet span, at Rs. 127-2 8 per 100,. . 17,747 8 & 
Zine covering of tower, at Ra. 20 per 100, . : ; 280 0 0°: 
Pucka plaster inner, ee white-washing, at Rs, 3-12- 9 
per 100. F , ee et. -% . 2,044 & 4 
Boarded ceiling, at Ra. "0-6-8 per foot, ; ‘ ‘ . 8208 5 9 
Doors and windows, at Ra. 1-1-6 per foot, . 8 . 7,029 6G 7 
Venetians, at Rs. 1 per foot, a a ee ee 8 0 0 
Stone cornice, at Rs, 1-3-11 per foot,. . «. . - 1,822 6 0 
Stone brackets for cornice, at Rs. 8 each, . i ~ '« 7,151 10 6 
Teg cornice, at Rs. 0-4-0 per foot, . ‘ : 58 4 9 
Railings of archways of upper story, at Rs. 1-9-1 per foot, 920 10 0 
Privy screens, at Rs. 3 cach, ‘ : J - 24 0 O 
Wooden ladders (stair-cases in the tower, at Res. 149-] 2.2 each, 299 8 4 
Outer cornice, at Rs. 0-8-0 per foot, . ° . ° . 16138 7 4 
Fire places, at Rs. 24-16-3 each, . « ‘ , 99 18 1 
Punkahs, at Rs. 0-8-0 per foot, . . <« . « OM 86 0 0 
Ventilating shafts, at Rs. 200 each, . ‘ ‘ : . 400 0 0 
Stone pinnacle, at Ks. 25, 2. «© «© « © e« «+ 25 0 0 
Red painting, at Rs.2per100, . . 1400 
Large iron finial with gilt lettors, &c., at Rs 199-8-6, - 199 8 6 
Ornamental parapet, at Rs, 2-8 per foot, . ae “we 4 779 15 & 
Large glazed doors in the upper verandah, at Rs. 0-12-10 
per foot, .. , - « « 85 0 9 
Plate glass for eye porters em at Rs. "800, ~ 6 5» 800 00 
Carriedover,. . . «. .  1,86,563 6 10 
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; Brought forward, .  . 
tg. t. 
°48 Railings in doors of upper and lower story, at Rs. 0-7-11, 
per foot, . : : é ; ; ‘ ‘ ‘ ‘ 
8. ft. 
688 Shelves in dispensary and store room, at Rs. 0-3-0 por foot, 


Total 9 ¢ ° s 


ip ORNAMENTAL FINISHINGS. 
Cc. 
1,824 Fine dressed pucka masonry, including ornamental mould- 
inys &c., ab Rs. 50-8-2 per 100, ‘ e ° . : 
4 Ornamental tops to above, at Rs. 5-18-7 cach, . . . 
8. ft, 
1,710 
200 


1,292 


Wire gauze, including frames, at Rs, 0-7-3 per foot, . —. 
Ornamental railings of iron for ditto, at Rs. 2-0-0 per foot, 
Packa Plaster of soffit of dome rubbed smooth, and executed 
with kunker lime (burnt with charcoal) with stone lime 
mixed in it, including also cost of high scaffolding for the 
work at Rs. 11-14-8§ per 100, . ‘. ‘ ; 
Varnishihg boarded ceiling of upper rooms, at Rs. 1 per 100, 
Blue painting of lower wooden floors of wards, at Rs. 4 
per 100, . : . ‘ , ‘ : ‘ ; 


8445 
5,197 


0. > 
93 Hooks with iron straps at Rs, 1 cach, ‘ a 
82 Sign boards, at Rs, 0-]5-lleach,, .« «© . «© « 
4 New openings opencd in the side walls, and fitted with per- 
forated zinc sheet frames (large ones), at Rs. 7 each, 


4 Ditto ditto, (small ones), at Ks. 5 4, . 
70 ‘Tron water drips for the roof, at Rs. 2 cach, . 
c. ft. 


8,860 Conercte work under ditto, at Rs. 11-5-0 per 100, ar 
a. ft. 
60 Altering windows at the back, at Rs, ] each, . ‘ ; 
2 Openings to he enlarged, and sides rebuilt with packa ma- 
sonry of dressed bricks, at Rs. 7 each, ; ‘ ; 
mids. 
3 Copper plates, 34’ x }", at Rs. 50 per maund, . . 
G-10 Iron bar, 4” x 3’, at Rs. 8 per maund, : ; . 


Contingencies, e ie a “ex 


Total for Main Hospital, ei. et. 


Il. Ovuvt-HOUSES. 

: Ward for contagious disease, rr er a 
Dead house,.: ‘ , Soe. ; ; ‘ 7 
Covk house, . ‘ es , ‘ ; ‘ ‘ ' 
Servants’ houses, . 6 ww el ll lt 


Carricd forward, 


1,40,204 11 5 
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BS. A i] P e 
. 1,386,558 


6 10 


2318 0 
10 0 0 


. 1,36,677 3 10 


668 12 4 
23 6 4 


777 :12:=«O 
400 0 0 


158 15 10 
168 14 4 
207 0 0 


93 0 0 
3114 0O 


28 0 =O 
20 0 0 
140 0 0 


880 12 9 
60 Cc 0 
1400 


150 0 0 
50 0 0 
160 0 0 





eR 


1,800 11 4 
8,168 11 1 
2,507 8 6 
2,164 3 11 


9,780 18 10° 
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ae ba 
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a ‘ ibe ae 
5 ay 
a Bowe ee one #8 10, 
2 
a be : oe a 9180 1 te ‘ a 
ae ese ‘Senda ee 


; ' % “: 5 ath siete fy cans 
ty Chowkeodar and durwans* hommes, i * a ine ‘e “s, so PERS wie! ate dae 3 ae 
. - : Be eA 2 1 
ae Out-door lavetory, ' Re oo gx Sem a rs athe ee igo aah 
' - cary a eka ta Spa 
. . * e , 3 Zs i 7 ey : sf : 
Large privy,’ e * ee ee iy 3 
vie onan if 





v = 7, 

i “iby Pe Se aft 
484 

; 


Small privy, » w @ e ; a s # ef ae : 
| Total for out-houses, © ‘ * 
> . ' es “a ate i: y 7 a ey 

Ill Compound WALL, &0. ee aon a : 


Compound wall including iron gates, . «© «© . sar bt i 


IV. MISCELLANEOUS CHARGES, 


Levelling ground, making approaches,&c.,. + «+ «© 1,408 0 6 
: coreennmmicameee eae, 


Grand Total Rupees, » »« « lost 2 8 


‘ 
eeakesr BS say - 








Abstract, 


I. Main Hospital, ‘ we: ‘ ~ « « 140,204 11 6. 
II, Out-houses, . . «© »© © « «+ © 421,855 9 2 
III. Compound Wall, &c.,  . ‘ ‘ , * 5,977 16 1 
IV. Miscellancouscharges, . . +. «© « « 1,408 0 0 


SEY 


Total Rupees, . . 1,568,941 °8 8 


K. L. 
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No. LL 


‘ 


BULL’S SLEEPER AND FISH-PLATE JOINT FOR PER- 
a MANENT WAY. | 


[Vide Plate XLV.] 


Description of a new style of Sleeper and Fish-plate Joint for Perman- 
ent Way. Designed and patented by W. But, Esq,, Resident n- 
gineer, Oudh and Rokileund Railway, Lucknow. 


So many Engineers of standing have written and published largely on 
the subject of permanent way, and-so many improvements and alterations 
have been suggested and carried out from time to time, that it is difficult 
to judge to what extent anything now brought forward is original, or 
merely a modification of some thing which has been tried before. As 
far as I can ascertain, the plan I now propose to give a description of, 
is original in all the parts for which originality is claimed, and if it be 
considered worthy of a trial, experience will show the valueif any, which 
in to be placed on it. | 

It is in connection with the bearing party and joints of the rails, or 
the parts by which the maintainence of a line of Railway is chiefly affected. 
The rail I look on as an exhausted subject, and when there are several good 
sections to choose from, it becomes more a question of manufacture, thar. 
the superiority of one particular kind over another, The kind of sleeper 
proposed is best suited for a flat-bottomed rail, and if the double headed 
rail be used, a cast or wrought-iron chair would be necessary. lt is 
shown in the accompanying sketch, suitable for a 5} foot gauge. 

A great advantage it is hoped may be gained from the use of this 
style of sleeper is, that 90 per cent. more or less of the ballast usual- 
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ly required will be dispensed with, and I would only use it imme- 
diately under the sleeper itself, to be supplied at the ends, and at the 
opening in the middle. In the many different kinds of permanent way 
in ‘use, the only advantage gained by the use of a complete layer of 
‘ballast, not obtainable from an equal quantity of earth or clay filling, is 
that of getting clean unmixed material for packing up when required, and 
it is only a very small portion which is thus used. In every other respect, 
on embankments in particular, it is a disadvantage to have a loose open 
material, which allows rain water to run through it and collect in pools 
underneath, causing the material of which the bank is composed to be 
gradually worked up into a state of soft mud, and the settling down of 
the rails to a much greater extent than is due to the subsidence of the 
bank itself, which if well constructed is sufficiently consolidated after two 
or three rainy seasons to bear the permanent way, with but very slight 
settlement, if care be taken with surface drainage. It may be said that 
the “ Camber” given to a bank, will sufficiently throw off the water which 
pereolates through the ballast, and doubtless it would if it remained as 
originally constructed, but such is never the case, as there is always a de- 
pression in those parts which have to bear the weight of the rails with the 
load they have to carry. Any bank, from which permanent way has been 
removed after some years, will be found of a most irregular surface; and 
the outside which has had no weight to carry, will be always the highest, 
particularly if the bank has been in the first place badly made, and 
owing to the great settlement the ballast has required to be banked up 
with earth, as is often done. 

By the plan proposed, the rain water which would otherwise find its 
way as before said, to the depressed parts of the bank, and injariously 
affect the level of the rails, would be almost’ entirely thrown off. After 
“ linking-in” on the formation, the rails should be lifted, and levelled by 
packing at the ends, and open parts of the sleepers between the rails, 
Allowing for a six inch lift, which should take the depressions out of the 
worst constructed bank, we should require 9’ x 16" x 6" (allowing for 
ballast spreading at the bottom), or six cubic feet for each sleeper, or per 
chain of 100 feet, 180 cubic feet, in place of 1500 cubic feet, which is the 

average quantity required for a 53 foot gauge. The ballast I would 
propose to use, would be a mixture of sand and fine kunkur, or any other 
small ballast, and this if carefully filled into the open part of the sleeper 
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between the tie-bare, would almost entirely throw off the rain. The very 
large saving in ballast thus caused, would materially affect the cost of a 
line of Railway. Between the sleepers I would fill in the same material 
as that composing the bank. It should be carefully filled in and conse- 
lidated, to the section shown in the plan. After a Line has become 
thoroughly consolidated, the rails might be banked up with the same, 
leaving an outlet for the surface water between every sleeper. 

From the manner of packing, all contact of the ballast with the earth 
of which the bank is composed, would be saved, \and for keeping the Way 
up, a very small quantity only would be required. The ease with which 
such a style of permanent way would be maintained, and economy con- 
sequent thereon, is so apparent, as to need no further remark, 

It is farther clear that if we dispense with ballast we should not re- 
quire the extra width of bank given to keep the ballast from spreading 
on the slopes, and 12 feet at formation level would I believe be found 
ample. This would also enable us to reduce the width of bridges. 

In designing the fish-plate, care has been taken to increase the strength. 
of the joint, and by a simple arrangement it will be seen that not only the 
bearing power of a sleeper at the joint is utilized, but also the transverse 
strength, the object in view being if possible to prevent, what is invari-~ 
ably the case on every line of railway on which I have travelled, viz., the 
blow or shock which is felt at every joint; which not only necessitates the 
exertion of a much greater power by the lecomotive, than would be other- 
wise necessary, but involves more frequent lifting of the Way. This 
arrangement is shown in the plan, and in “ linking-in” the clips on the 
lower part of the fish-plates should first be dropped into the square holes 
in the jvint sleepers, and the whole slipped on the rail last laid; the next 
rail should then be pushed in, giving due allowance for expansion. It 
is obvious that the screwing up of the fish-plate bolts in combination 
with the wedge shape of the flange of the rail, will cause a powerful 
leverage to be exerted towards drawing the parts composing = joint 
very firmly together. 

To prevent the rails from getting out of a straight line from the pas- 
sage of trains, a cross plate or tie should be fixed immediately under the 
rail inside every joint sleeper. This is shown in section (a), and might be 
joined to the sides of the sleeper by the end being bent to a right angle, or 
‘by @ piece of angle iron, as the manufacturer might think best, with s 
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couple of rivets on each side. This would also materially increase the 
strength of the joint, . 

A. statement is here given to show the comparative cost of the parts 
which are different from those in permanent way in common use, taking 
for this purpose that used on the Oudh and Rohilcund Railway, N. W. 
of Lucknow, the gauge being 5'6”. The fish-plate would cost about the 
same in both cases, and is not included. 


Oudh and Rohilcund Railway. 








Description. | Weight. | Uost in Lucknow. 
Ibs. | BS. | A. | P, 
2 Pot sleepers, Livesay’s patent, .. ee ee ee 160 6 | 10/ 0 
2 Keys for above, .. oe oe oe ee oe 10 0; 6] & 
1 Tie-bar, .. ‘<< oe ee ee ee 24 1 | 6] 8 
4 Cashions, rT ey a ee ee 0| 8/0 
2 Cotters, .. ee oe oe oe oe oe 2 0| 8] 06 
Totals, .. ea 196 ry 13 ‘1 





Proposed Plan. 


One wrought-iron sleeper with bolt, fis. 140, probable cost, Rs, 8-12-0 


The simplicity resulting from the great decrease in the number of parts 
is obvious. 

In the plan, the fish-plate is shown extending beyond the sleeper, and 
with four bolts. It is possible that with the joint sleeper 12 inches 
broad, and the fish-plate the same in length, two bolts would be sufficient. 

A style of Permanent Way with the rail bearing directly in a wrought- 
iron sleeper is in use on the Oudh and Rohilcund Railway below Luck- 
now, but it is very difficult to lay, owing to the method of fixing the rails 
on the sleepers, and hes other disadvantages, which it is hoped the plan 


now proposed will obviate. 
W. B. 
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BEAMS “FIXED” AND “SUPPORTED.” 


By Carr. Atuan Cunninenam, R.E., Honorary Fellow of King’s 
College, London. 


THERE is a remarkable discrepancy in statement of the relative strengths 
of a beam under transverse strain in the two cases of its being 

(1). Firmly fixed at both ends. 

(2). Simply supported at both ends. 

The ratios given in different authors are either 3: 2,2:1,o0r3:1. 
By some authorities, the difference is said to be wholly a difference be- 
tween theory and experiment. If this were really the sole difference, 
it would probably follow that if the experiments were trustworthy, the 
theoretical results must have been founded on false premisses, and most 
practical men would be inclined to accept the results of experiment. 

This is, however, by no means the case. The results obtained by ex- 
perimentalists differ from each other, and those obtained by theorists 
differ also from each other. The present paper is an attempt to explain 
the cause of these discrepancies, which are so great as to be almost a 
disgrace to the profession. 

The statement of resuits in the various authorities may be classed as 
follows :-— 

(1). Results derived directly from experiment. 

(2). Results obtained theoretically from certain simple laws (of 
resistance of materials) previously established as very 
approximately true by experiment. 
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(3). Simple statements of actual results, without any. arcane: 
These may be roughly styled results 
(1) of experimentalists (See Table I). 
(2) of theorists (See Table IT). 
(8) of copyists (See Table III). 

The two former are obviously the only ones of real value as originals, 
the latter may be held however to reptesent the opinion of the profession. 

It will be well to define the terms “ strength” and “ fixed,” as great. 
part of the discrepancies probably depend on different meanings being 
attached to these words. By “ Strength” is meant one of two things— 

(1). “Ultimate Strength” which is measured by the “ Breaking 
Load.” 

(2). ‘* Working Strength” which is measured by the “ Working 
Load” (2.¢., greatest safe load), 

By “fixed” is meant that the beam is supported and also firmly fixed 
tn direction at both ends, 7. ¢., so that its neutral axis shall remain unal. 
tered in position by the action of the load. The character of ‘ fixing” 
requires particlar attention: even so great an authority as Prof. Robison 
advances a demonstration (v. infra, Table III.) in which the beam is 
imperfectly fixed. 

The relative strengths in question are stated generally for three distinct 
distributions of load :— 

Case I. Load concentrated at middle of the beam. 

Case II. Load uniformly distributed along the beam. 

Case III. Load concentrated at any point in the beam. 

The author has consulted* every work in the Oentral Library, Roorkee, 
which seemed likely to have any bearing on the subject, and has arranged 
the statements of the various authorities into three Tableg L., Il., IIT.— 
showing clearly the nature of the evidence (when recorded) on which each 
original author has based his statement, and has also recorded his own 
opinion on the character of the theoretical demonstrations given. 

Discussion of the Experimental Evidence. 

It is stated on high authority (Telford, P. Barlow, Tredgold) that the 
_ discrepancies are discrepancies between experiment and theory. This can 
however be the case only in Case I., when the beam is loaded in the 


® It shonld be understood that the author has actually consulied every work from which he 
quotes, except those whonc titles are in italics (of which there are no copies in the Roorkeo Library). 
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middle, as the experiments (see Table I.) seem to have been made in this 
case only, so that all the authorities are alike theorists as regards Cases 
IT. and ITf. 

The most important of the experimentalists is undoubtedly P. Barlow: 
who distinctly declares Ais opinion that the experiments of Mariotte and 
Muschenbroek were not on a scale suited to determine the question, and 
that his own were conducted with great care on purpose to settle the 
discrepancy between the assigned ratios (of 3: 2 and 2: 1). 

It is particularly to be noticed that the experimental ratio 8 : 2 is in 
every instance determined from the Breaking Weight of wooden battens 
of uniform rectangular section loaded only at the middle. 

It is to be regretted that Prof. Robison who supports the ratio 2 : 1, 
which he obtained theoretically did not detail the experiments which he 
made to test his theory: they appear to have been experiments on de- 
flection. 

Discussion of Theoretical Demonstrations. 


These may be classed under two heads. 
| (1). Demonstrations from Breaking Weights. 
(2). Demonstrations from stresses within elastic limit. 

Class 1. The author considers the whole of the demonstrations of the 
first class (from the authors quoted) unsound: the greater number depend 
upon several unproved assertions (the proof of the truth of which would be 
very difficult), and can therefore only be held as attempts at a popular de- 
monstration, amounting in fact only to a probability of the truth of the re- 
sult given. These the author has styled ‘‘ hypothetical demonstrations.” 

The demonstration given by Prof. Robison the author considers as sound 
in itself, but inapplicable inasmuch as the beam which he considers is 
decidedly only impérfectly fixed over its supports,* as the neutral axis is 
permitted to take up a slope. 

The unsatisfactory character of the demonstrations of this class may be 
seen from the discrepant results. 

Class 2.—The results obtained from the more recent of these demon- 
strations (from stresses within elastic limits) have at any rate the merit of 
being consistent with one another with two important exceptions. 

(1). By P. Barlow. (2). By the Rev. H. Mosely. 


* His beam is laid continuous over 4 supports, and fixed at the two ower : he considers the central 
portion as a beam fiwed at both ends ! ‘ 
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P. Barlow's demonstration.—This is vitiated by the error (pointed out 
by the writer in Paper XLIV. of “ Professional Papers on Indian Engineer- 
ing,” Second Series) made by Barlow in his Deflexion formulas, viz., that 
the Deflexions in a cantilever and in a beam supported at the ends, loaded at 
middle, and under the same load are as 1: yy. This error (the correct 
ratio is 1: yg,)is corrected in the 1867 edition of his “ Strength of 
Materials:” the admission of this error of course destroys the proof of the 

‘yatio 8: 2, and in fact reproduces the very ratio 2: 1 of which Barlow i is 
the principal antagonist. 

. * But, thore are grave objections to the whole arguaiént, ¢ as $0 which, it te 
: perhaps sufficient to note that the supposed demonstration tips been cmaittnd: 

‘from the - 1867 edition, which is perhaps sufficient hae that the Antes ; 

editors have felt these objections. | 

H. Mosely's demonstration.—The ratio 8 : 1 given is really the satio - | 
the longitudinal stresses at centres of the respective beams: this author . 
has omitted to notice that in fixed beams (uniformly loaded) the greatest 
stress is at the abutments and is twice that at the centre. Introducing 
this modification Mosely’s result becomes 8: 2, agreeing with the other 
authorities of this Class in Case IT. 

Other demonstrations.—The whole of the demonstrations of this Class 
(except P. Barlow's) are obtained as the natural consequences of the 
following simple laws established by experiment as true for beams only 
slightly deflected, and under stresses not exceeding the elastic limit, viz. :— 
(1). The longitudinal strain (¢. ¢., elongation or contraction) along 

any originally horizontal layer is proportional to the distance 
of that layer from a certain line, ¢. ¢., the strain throughout a 
cross-section is uniformly varying. 
(2). Stress varies as strain. 
(3). The elongations and contractions of a bar under the same load 
when stretching and crushing respectively, are. equal in amount. 
The results must necessarily be true within the limits prescribed (viz. 
deflexion slight, and elastic limit not exceeded), if these premisses are true, 
but it will be absurd to infer that these results are even approximations 
beyond those limits, ¢. ¢., no inference can be drawn as to ratios for Break- 
ing Weights. 

This method of demonstration, viz., from a consideration of the “ elas- 

tic curve,” or curve assumed by the neutral axis of the beam, appears 
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(to the author) to be the only safe method of treatment in the case of a a 


beam which is both supported and fixed. 
Remarks on Statement of Copyists. 


These books are merely compilation of facts, but ara important as show- 
ing the opinion of the profession. ‘The compilers have not been sufficiently 


#6 
hed 


careful in invariably stating the “ = ” to which their ratios were 


‘Applicable, 
On the whole they bear out the author’s opinion that in Case I, the 


‘gatig 3: : Ri is serloale to ultimate strength and the ratio 2 : 1 is appli-’* 
‘cable ‘tw git: It is “ronantkeble that the modem. compilers. .. 
is qrioted. are inaninons in giving thé ratios a4 :8 : 2 in Caro iy 4 bee tae 








baption: ot Mstebwoth’n aiid: — Podketsbioks: « 


Cate L—It will: have been noticed that the ratio $ : 2 is far this nen 
' dependent chiefly ‘on Experéments on the Breaking Weights of beams, and. 


that of 2:1 chiefly on Theoretical demonstrations from Stresses within 
elastic limits (demonstrations from Breaking Weights being in the — a 
opinion unsound), 


The authors conceives that the explanation of the seeming discrepancy 


probably lies-in the fact that the ratios indicated are 
(1) of Ultimate Strengths, by the experimentalists (viz., 8: 2), 
(2) of Working Strengths, by the theorists (viz., 2: 1), 
and are very likely both correct under the conditions intended, As to 
the comparative utility of these two ratios, the author believes that the 
general opinion of the profession now is that large beams should always 
be designed from the safe limit of stress—intensity of the material, not 
from the ultimate strength of the material. 

Case IT.—No experiments recorded (among the books accessible). The 
only sound demonstrations show the ratio of Working Serene to be as 
8:2. 

Case Ili.—~No experiments recorded, and no demonstrations dis- 
covered (among the baoks accessible). The author has calculated the 
ratio of Working Strengths according to the principles indicated by him, 

and finds it to be (not 3: 2 as stated by some authorities) that of 
| “Clear Length of Beam: Greater Segment”. 
VOL, 1.—SECOND SERIES. 3 Q 
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542 FOURACRES DEEP-WELL EXCAVATORS. 


No. LITI. 


FOURACRES’ DEEP-WELL EXCAVATORS. 
(Vide Plates Nos. XLVI. and’ XLVIL] 


Invented and Patented by Ma. C. Fouracars, C.E. 


Brrore describing the new Deep-well Excavators in use on the Soane 
Anicut, and with the view of making this articlé complete, and rendering 
the wérking of the new machine intelligble to any readers who may not 
be acquainted with Mr. Fouracres’ original invention, it is necessary to 
reproduce in an abridged form the description of the latter. 

Fouracr es’ Well Excavator.—The accompanying drawing will make the 
construction and action of the Excavator clear with 
very few words of explanation ; it consists of— 

lst—A spear of 1 inch square iron, 12 feet long, 

- with ehackle at the top to sling it by, and a cross-head 

at bottom. 
2nd.—Two segmental scoops, hinged on the ends of 
the cross-head, and forming when closed - 

(the edge of one slipping just within the 

other), a bucket of rather more than the 

third of a cylinder. Materials, sheet-iron 

and angle-iron for corners. 

. 8rd.—Two iron collars A, B, sliding 
ee Loosely on the spear, and connected at a fixed distance asunder, by & 8e- 





., @ond side spear. To the lower collar are attached two hinged rods, F, to 


. Open and shut the scoops. ‘To the upper collar, a small wooden platform, 
ED, is fixed, on. which two men can stand whose weight will force down the 
instrumént ; or, in working below water, an iron.weight can be’ eabetitated, 
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4th —A lever hinged on the top of the spear to open the jaws of the 


scoop when over the discharge platform. 


5th.—There are also two stops on the spear, andaspring clasp, C, to keep 


the jaws open while thescoop 
is being lowered. : 
The action is very simple. 
The machine is slung over 
the well or block by tackle 
and pulleys worked hy a 


nient form of staging ; it is 
lowered, with the jaws in the 
open position, till it rests on 
the bottom ; the two attend- 
ants step on @he platform, 
and one with his foot releases 
the spring clasp; the wind- 





lass men at once wind up, 
bat the weizht of the men keeps the scoop from 
rising till the jaws have closed and it is full of 
sand; then all rise together ; the two men step 
off on the sides of the well, and, as the full 
bucket rises to tlie level, they sway it over a 
wooden platform at the side, and pull smartly 
at the lever; the jaws open, and the entch holds 
them; so the sand falls out on the platform; 
the machine swings back, and is immediately 
lowered again, while the sand is shovelled or 
run away. ' This can be repeated at the rate of 
one lift per minute, lifting 14 to 13 cubic feet 
each time. 

Deep- Weill Hacavator.—The action of the 


windlass, from any conve- 





Excavator is in every respect similar to that of Fouracres’ ordinary Ex- 
eavator for small wells with this exception, that the process of closing the 
scoops of the Excavator is performed by two chains and a windlass, instead 
of by actual pressure by men’s weight. The Excavator is lowered into the 
well, in the position sliown in the drawing (Plate XLVL,iby the chain a, 
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the end of which is attached to a windlass in any convenient position : as the 
men lower the chain a, those at the windlass 6 wind up the chains ¢ which 
become loose as the Exvavator descends; when the Excavator reaches the 
bottom of the well, the catch d is released by means of the rope attached to 
it, and the scoops are closed by tightening up the chains c, which draws 
down the collar 5 and so shuts the scoops upon the sand; when the Ex- 
cavator has taken its load, the men at the windlass attached to the chain 
a, Wind it up, and those at the windlass 6 unwind their chain, so that the 
Excavator is free to rise; when the machine reaches the top of the well it 
is swayed over the side, and the load released by opening the scoops with 
the lever e, which is hinged to render the machine more handy; when 
lowered into the well a small line i keeps the lever in pqsition to prevent 
it fouling the side of the well. 

The pulleys marked g through which the chain c runs, are put on to the 
well when the curb is first laid; the ti&rods outside, marked h, keep the 
pulleys in their places, while the well is being sunk and also tie the well 
together, to prevent the lower part falling in; they algo keep the windlass 
& on the top of the well firmly in its place; when the well is sunk to the 
tull depth, the outer rods are driven down clear of the hook; the pulley 
can then with very little trouble be extricated from the curb, for it only 
fits loosely into woud; the stirrup rods can then be drawn. 

Self-Closing Deep- Well Excavator.—-The Excavator is lowered into the 
well in the position shown by the dark-lined portion of the drawing, Plate 
XLVIL. with the exception that the diagonal arms marked } are kept up in 
the pdsition shown by the dotted lines, until the scoop of the Excavator takes 
the ground; when the scoop is resting on the ground, the arms (6) are low- 
cred by means of the rope (c), until they are in the position shown by the 
dark-lined portion, when the Excavator is thus fixed as it were at the 
bottom of the well, for it is evident that the collar a, (which is firmly 
rivetted to the main rod of the Excavator,) is completely prevented from 
moving by the compression of the diagonal rods 6 upon it, the catch marked 
d is liberated by pulling the rope attached to it ; when this is done the 
men at the windlass commence to wind up the main chein, which, being’: 
passed round the pulley e, and fastened to the collar a, draws down the” 
collar ¢, and eo presses’ the scoops of the Excavator into the ground ; .at 
the same time the cross head f, attached to the main chain rises with it, 
‘and as it rises ib lifts the ring and chain g; the length of this chain is so 
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PLATE XLVI. 


(In wee on the Soane Anicut ). 
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adjusted, that at the ‘same time as the jaws are closed, the tension of the 
chain g draws away the diagonals & from the side of the well, and when 
this is done the whole machine is free to rise with the load. 

When the Excavator is lifted to the top of the well it is swayed over 
the side, and a chain attached to the scaffolding, which has been previously 
adjusted to the correct length, is hooked into the hook 4; the men at 
the windlass then lower away, and as the chain attached to the hook 
becomes tightened, the weight of the Excavator causes the scoops to open 
and discharge their load, and at the same time the machine is re-set ready 
for lowering into the well. 

OC. F. 
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MEMORANDUM ON SOME EXAMPLES OF WALLS 
AND ARCH BUILDINGS IN CEMENT CONCRETE, 


[Vide Plate No. 


‘By Lievt., H. C. Fox, R.E. 


1. Petroléum Store at Bristol—This building is an example of an at- 
tempt to carry the advantage possessed by concrete over other building 
materials, viz., saving in cost, to its utmost limit. The structure as is 
evident from tho sketch, is somewhat of a tour dé’force, and its partial 
failare, though due in a great measure, to faulty and unscientific design, 
tends to show that in the use of concrete it is unwise to: ‘bave money at 
the expense of the factor of safety. 

(Referring to the sketch) the dimensions of walls and arches are as 
follows :— 

Party walls (piers ), 6° thick. 
Arches at springing, 5° ,, 
39 Crown, 4" 

Dimensions below floor level (in cement concrete) are not known. 

Method of tracing abutment arches in end chambers not known ; but in 
these two instances, the sketch gives a fair idea of the architect's drawings. 
The concrete was made of Portland cement, of very good qualit 
high test for resistance to crushing, and tearing apart being specified) 
mixed with five times its bulk of furnace “clinkers,” and I believe a 
emall quantity of sand. The “clinkers” were used with a view to ob- 
taining a concrete of small weight, though the architect could give no satis-~ 
factory reason for his wish to obtain this quality, and as the clinkers, 
varied @ good deal in porousness and resistance to crushing (some being 
vitrified, while others were little stronger or harder than common coal 
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nders) they were very unsuitable for use in concrete, which as in this cage 
had to stand a severe and irregular strain. Iwas told that great care 

was taken in mixing, laying, and ramming the concrete, the work being 
constantly supervised by a foreman of works appointed by the architect. 
The contractor also was a well known and trustworthy man. 

A glance at thé sketch will show that the stracture of cemerit conorete 
Was most unscientifically and unfairly loaded, and as might have. been ex- 
pected, when the load was put on, one of the end arches burst outwards at 
the haunch (D in sketch), and all the building on one side of the central 
passage (see plan) fell in; the party walls however, were not entirely thrown 
over, but broke at a, a, a, and the end walls stood. Moreover the corres- 
ponding range at the other side of central passage, when I saw it after the 
accident, showed no signs of failure, though it must have been subjected 
to a severe shake when the other range fell. The arches fell in very large 
pieces, but did not break in the floor, The concrete work had been com- 
pleted two months when the failure took place. 

I may add that the architect having attributed the failure to bad mta- 
terial having been uped by the contractor, and a lawsuit threatening, the 
proprietor asked me to give him my opinion on the case. After inspecting 
the work, I was*able to convince the architect, that he was to blame for 
the failure, and eventually he compromised the matter, bearing rd the 
expense of rebuilding. 

I also suggested the following alterations in the design, which I believe 
will be carried out in rebuilding the fallen part, and applied as far as pos- 
sible to the part which remained standing. 

1. Concrete in new walls and arches to be made of broken hard stone, 
(each piece to be small enough to pass through a 2-inch ring), mixed with 
mortar (made of one cement, to one pit-sand) in quantity sufficient to a little 
more than fill the interstices between the stones. This quantity to be deter- 
niined by experiment (one mortar to six stone will be about the proportion). 

2. The concrete to be rammed till each stone touches the adjacent ones. 

8. Iron tie-rods to be introduced in the arches, except the end ones. 

4, The contour of the. superstructure to be altered somewhat as shown 
on sketch in dotted lines. 

With these alterations I think the structure will be safe, though as the 
foundation is notgood, the chambers should not be unequally loaded. 

Il. Fortifications at Bermuda.—The typical plan of a casemated bat. 
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_ tery given in the R.B. Professional Papers, Vol. XTX. (1871)., Plate VI, 
to face page 90, is almost co-incident with the design of Fort Ounning- 
ham, Bermuda, (a work of which I was in charge for three year). The 

"principal differences ate as follows :— 

Ground level, ft, c. same as that of ‘ gun-floor,’ the magazines being in 
‘an excavation. Span of arches 16’ 6” instead of 18’ 9”. Dry ditch. 
Fort Cunningham, is on the top of a hill. 

After about half the Magazines had been built in masonry, the O.R.E. 
decided that the remainder of the work should be executed in cement 
concrete, and when I gave up charge of the work this had been done, 
with the exception of the arching of the superstructure. 

The concrete was made of hard crystalline limestone, Portland cement, 
and oolitic limestone powder (used as sand), and as concrete for building 
purposes had not been used before at Bermuda, a great. number of com- 
binations were tried before a final proportion between above materials 
was arrived at. At first the hard stone was broken by hand, but evential- 
ly a “ Blake’s stone crusher,” (for description, see Gillmore, on Limes, &e., 
page 243, ef seq.), was obtained, and used with very satisfactory results. 
From the solid block, this machine produced broken stone (to go through 
a 2 inch ring), containing about 12 per cent. of coarse sand, and most of 
the work was built of concrete composed of nine parts broken stone, with 
its sand in it, to two parts cement mortar ( one Portland cement to one 
soft stone sand), NAWAB SALAR JUNG BAHADUR 

This concrete was laid at the rate of 9” per diem, and when finished, 
had a fine smooth surface, as good as if it had been rendered. Movable 
“boards wedged out from uprights were used as moulds for the walling ; 
sand in arching, a ring of brick (with a few headers to bond with concrete 
above) was turned over the centres to form a soffit, and the remaining 2 
feet of the arch formed in concrete. In one case an arch of 10 feet span, 
(about 2 feet rise) was built entirely of concrete, and the centering struck 
8 days after the arch was complete. This was done as an experiment, and 
not the slightest settlement could be observed. In some cases no stone 
or other lintels were used over openings in the walls, and all the openings 
and shafts for shell and powder lifts, issuers, lamp boxes, &c., were form- 
ed in the concrete, by wooden moulds slightly greased. 

The principal difficulty was found in forming exterior angles, which on 
plan are shown rounded. A variety of expedients were tried to overcome 
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this difficulty, and the most successful in my opinion was that of building 
@ quoin at each angle, either of 
14 or 9 inch brick, stone, or 
best of all, in moulded concrete 
blocks. These quoins should be 
built in strong cement mortar, 
and if formed of blocks of stone 
or concrete, thesemay be dowell- 
. ed with small wooden dowels,: 
Sketch to show method of ficiniat exterior angles, © In ramming the concrete a con- 

siderable thrust is sometimes brought against these quoins, which must 
be strong enough to withstand it (see sketch). Besides ensuring theaccuracy 
of the concrete work, these quoins improve its appearance when finished. 

The cost of this concrete at Bermuda was about +4,ths that of brick- 
work, Generally, however, the cost of concrete depends on so many con- 
tingencies, such as-— : 

Cost of unskilled labor, 

Carriage of materials, ue 

Water supply, &c., * ea 
that its cost, as compared with that of brickwork or masonry, will vary 
at every different locality. | 

I consider that Portland Cement is the only safe material of its kind, 
which can be used in building “ pieé ” concrete walls, but good blocks may be 
made of many other materials if sufficient time can be allowed for “‘ setting.” 
i have made good blocks with pure lime and sand ;—puzzuolana (St. 
Vincent’s), pounded brick, or ground cinders being mixed in certain pro- 
portions. . 

Some suspicion has been of late cast on the durability of Portland and 
other artificial cements. Being stationed at Harwich, Essex, where Port- 
land cement has been manufactured for many years, and extensively used 
for building purposes, I observed some cases of old Portland cement 
rendering which presented a honey-combed (or ‘shelly’ as it is called in 
those parts) appearance, but I think this may have been caused by the 
proximity of the sea, and the consequent presence of. muriatic acid in the 
atmosphere. I have never been able to observe or hear of any other cause 
for the above suspicion. 
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WEBB’S SUB-AQUEOUS EXCAVATOR. 
[Vide Plate Nos. XLIX. and 1.) 


Description of Webb's Patent Sub-Aqueous Excavator. By E. W. 
Stongy, Esq., Resident BPngineer, Madras Railway. 


Tun excavator is a cylinder, from which about a fourth part is removed, 
to form horizontal and vertical cutting edges a, 6, Plates XLIX. and L. 
It is formed of boiler plate rivetted to angle iron framing. On top are 
two iron catches C, D, which receive the wrought-iron bow EH, this slides 
up and down the square guide bar F. 

To the upper side of this bow the hoisting chain G, is attached by 
short pieces h, ¢, while underneath a pair of short chains &, J connect it 
with the excavator. 

The square bar F, by means of which the excavator is turned and 
guided in its ascent and descent, together with its capstan, crab winch, 
and framing, all clearly shown in the drawings, complete the apparatus. 
The guide bar F is made in convenient lengths, connected by the joint X, 
and carries a sliding collar N, which can be clamped at any part of it, by 
means of pinching screw r. 

On each side of this collar a hook is riveted for the purpose of sup- 
porting the hoisting chains G, when disconnected. 

The hoisting chain is provided with special links every six feet, which 
allow of its separation at them. 

The mode of using the excavator is as follows :-—The frame is placed as 
shown in Plate XLIX., over the cylinder or well to be sunk, and the bar 
F dropped to the bottom of it. The crab barrel is then thrown out of gear, 
which allows the excavator to descend by its own weight, being guided 
in its descent by the bar F', which passes through the bow E: as soon as 
it reaches the bottom of the well, the hoisting chain G is disconnected at 
ne of the links provided for the purpose, the upper part leading from 
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the winch being hooked to the frame at M, while the lower part which is 
connected with the excavator is hooked to the collar N: this allows 
the excavator to be turned without getting the chain G twisted round the 
bar; the men at the capstan then give a few turns from right to left, 
which fills the excavator; (5 turns are generally sufficient to do so). A 
quarter turn of the capstan in the opposite direction releases the bow E 
from the excavator, which remains embedded in the material being ex- 
cavated; the chain G is now unhooked at N, M, and joined up as before, 
and the bow E drawn up by turning the winch W; as soon as it is raised 
to the extent of the chains &, J, it lifts the excavator, and at the same 
time tilts it as shown in Plate L, in which position it is drawn to the top 
and emptied into a truck provided for the purpose; or to save time, the 
full excavator may be removed, and an empty one hooked on to the 
chains &, 1; so that when this comes up full, the former one will be ready 
to take its place, to be again lowered and filled. 

The inventor states that the most useful sizes are 1 foot 6 inches 
diameter by 9 inches deep, and 2 feet diameter by 1 foot deep: (the former 
size being suited to hard material, such as stiff clay, &c., and the latter to 
softer stuff, as mud, sand, d&c.): that this excavator will raise per day on 
an average, 60 cubic feet of hard material, such as stiff clay and laterite 
gravel, froma depth of 50 or 60 feet below water, when worked exclusively 
by men: that this rate may be increased to 180 cubic feet per day, if a 
steam crab or hoist be used; and that probably double these quantities 
of soft stuff would be raised. Six men are sufficient to work this machine. 

The inventor further says, that the cost of the excavator complete with 
frame, crab, chains, &c., would be about Rs. 300, and a royalty of £50 
per annum for the use of each machine will be charged. 

The cost of a steam winch 4 horse power with boiler and steam fittings 
complete would be about Rs. 1,800. Assuming these data, the cost of 
working would be, as under :— 


By Manual Labor. 
RS. A, P, 

6 Men, at Ra. 0-6-0 one ee os os 2 4 0 
1 Mistry, at Rs., .. oe oe oe 1 0 Q 

Wear, depreciation of ‘iigehtnety repairs at 25 
cent per annum. on value, Rs. 800, a Per} 0 38 10 
Royalty on patent, Rs. 500 per annum, .. « 19 7 
Cost per day, ee oe ee Total, 5 1 5 
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for 60 cubfic feet excavated, or a rate of Re:.0-1-4 per cubic foot = Re. 


2-4-0 per ra yard. ; 
ans By ae Power. 


| Giga Bee at Kes. 1 per day, aa ee 
| Stoker, at Rs. 0-8-0, or rr i eo - ee eu 
7 Men coolies, at Rs, 0-4-0, ee See. @e 2% 
24 Cwt. coal, at Re. 80aton, . o «6 «8 os 
9 1b Oil, ee oe oe es ee os 


rr cCoHrom F 
— 

bob) 89 a OS p 

eocaqocoNn 


25 Per cent on Ra. 2,100 for wear, fiepreclation, 10 10 
and repairs of machinery, ar ee . 
Royalty on patent, eo 0 ee ee ee es 9 7 


Cost perday, .. .. «- Total, 10 6 6& 


Quantity excavated 180 cubic feet, or a rate of Rs. 0-0-11 per cubic 
foot, or Rs. 1-8-9 a cubic yard. | | 
If wood fuel be used, the cost would be for fuel 74 owt., at Rs. 3 
per ton =: Rs. 1-2-6. This would reduce the cost of working to Re. 
7-12-11 a day == Rs. 0-0-8 per cubic foot, or Rs. 1-2-0 per cubic yard. 
This excavator had a prolonged practical trial in sinking the Iron Oy- 
- linder foundations for the Kudlahoondy Bridge, Madras Railway. Twen- 
ty-six cylinders 6 feet diameter, were sunk by means of these excavators 
to depths of from 87 feet to 65 feet below the water level, 
through 2 feet of mud. 
» 10 4, sand. 
» 25 4 blue clay. 
» 15 ,, laterite gravel, very hard, 
. 8 ,, ‘decayed granite. 
The above trial proves beyond doubt its practical value. 
This excavator will, if tried in the N. W. Provinces, probably prove a 
formidable rival of the sand pump, ang, other excavators now in usd. 
Its chief merits appear to the writer to be its great strength ae sim 
plicity, which make it almost impossible to break or put out of order. 
The simple manner in which it ig used makes it peculiarly suited to the 
capacity of ordinary native workmen. | 
! F, W. 8. 
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EARTH CURRENTS AND AURORZ BOREALES., 


By J. J. Fante, Esq, Jask Station, Indo-European awaren? 
_ Department. 


On the night of the* 4th-5th February last, I had the good fortune to 
witness a grand magneto-electric disturbance on four of the sections of the 
Persian Gulf telegraphs. It was atcompanied by an Aurora Borealis, 
which-must have been one of unusual splendour. I can hardly conceive that 
the luminous phenomenon which I witnessed was the actual Aurora, for, 
as these meteors have their sphere in the region of the clouds, they can- 
not be more than three or four miles high at the pole, and, therefore, it is 
quite impossible that I could have seen anything but a reflection at this 
low latitude (254° north.) 

As seen from Jask station, it took the shape, roughly, of an elongated 
ellipsoid, of a reddish-pink color, resting on the northern horizon, with 
its smaller end stretghed out towards the east. It continually varied as 
regards color, now brighter, now dull; but its position did not alter from 
its first appearance at 11 P. m. to 1-80 a. m, (Kurrachee time") when I 
last saw it. The Aurore, as usual, was preceded by a faint whitish glow 
‘in the west, which was noticed about an hour after sunset, and which, 
as the evening advanced, became more distinct, assuming, roughly, a 
_pyramidal shape, with its base on the horizon. There was no moon, and 
the atmosphere was peered clear, with a moderate breeze from the 
north. 

The telegraph may be said to stand in the same relation to this class 
of phenomena, ax the barometer does to atmospheric changes. A certgin 


* The time followed in this paper is Kurrachee time, which is about 45 minutes in acai of . 
, dhe true local time. y 
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behaviour on the part of the former ae surely indicates the prevalencé:.” 
of a“ magnetic storm,” as does that of the barometer the appronch of — 
an atmospheric one. To mé the irregular and spontaneous working of | 
the telegraph was, (if I may so speak) the harbinger of the Aurora, for 
hours before ita reflection was visible, the wires told very plainly of its 
existence. 

At 6-55 p.m. & permanent positive onrrent was observed on the 
Jask-Gwadur cable, This was at first set down to some irregularity 
in the instrument at the distant station; but such was soon ascertained 
not to be the case. Presently a similar current but weaker wae perceived 
on the land-line between the same stations, while at almost the same 
moment permanent negative currents took possession of the Jask-Bushire 
and Jask-F'ao cables. It was now evident that “ earth currents” were 
about, and in very strong force too, as appeared from the deflections of 
the galvanometer needles which form part of the working apparatus. 
After a few minutes the direction of the currents charged, the cable and 
land-line between Jask and Gwadur became charged with negative elec- 
tricity, and the Jask-Bushire and Jask-Fao sections with positive. Thus 
throughout the evening, and at intervals of 2 to 5 and 10 minutes, the 
currents were constantly varying in direction and force. Soon after their 
appearance it was found very difficult to correspond with any of the 
distant stations ; and from 8 p.m. to midnight, communication was entirely 
suspended except for a brief space at those particular times when the 
existing current was dying out, to give place to the succeeding one, which 
rapidly approached its maximum strength and in its turn receded. 

Shortly after midnight, the earth currents entirely forsook the land-line, 
or at all events became so feeble, as not to be perceived on the ordinary 
instruments. They disappeared from the cable circuits about the same 
time, but at 12-30 on the morning of the 5th, they again set in on the 
Jask-Gwadur cable, and continued at long intervals (during which cam- 
munication was satisfactory) up to 8 4.m.; when they finally vanished, 
ending with a negative current which had uninterrupted possession of the 
line from 7-80 to 7-50 am.. The Jask-Bushire and Jaak-Fao lines 
were free from midnight to 2 a.m.; at which time Btrong negative currerite 
set in for about one hour. From 8 a.m., no further disturbance was re~ 
ported on the Jask-F'ao cable; but the Jask~Bushire line was again, and 
for the last time, visited by negative currents which remained off and on 
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peat tae “see wooly tad ws of the wibton ‘ikea tate on! ra 
 forsmoon of tie’ Sth,:showed thet’ even then: the earth currents: although . 
to. feeble’ to-initerfere with the working, had not-entirely vanished. ¢ .— 

Mt wad ebsorvabla between Y Pim. and midaight, that the landline and 
cable. 40. the: castwaind of. us: were: always:charged with the-same kind’ of 
eluptiloity; while the Sask-Bushire and Jask-Fao lines were as. invariaby 
“charged, with’ “the opposite ‘kinds. it was also noticed that the current; . 
wens reversed, in all-the circuita at the sane time, the one pair changing: 
from. positive to: negative, -at the same time that the other pair changed 
from. negative ‘to positive, and vice versa. Those on the Jask-Fao sen- 
tion, whith: ‘igthe longest of the cables, 655 knots, at one time arrived at 
such a high: tension, that whenever the connection between the line and: 
* garth waa interrupted, a strong spark. was emitted. 

' Somie experiments were nade to determine the quantitative strength 
or intensity of the currenta. The highest intensity measured was that 
on the Jask-Bushire line, where it was equal to that of 57 Minotti cells, 
At dne period of the evening, it must’have far exceeded. this number on 
_ the Jask-Fao cable, for’I was unable to obtain from the largest battery 
power available, (80. Minotti cells,) and through the same resistance as 
the cable, ae strong a spark as that noted above:— . ; 

. The.following are a few of the observations taken at intervals during 
. the sipind: ne : : 

o - Jask-Fao and Jask-Bushire Sections. 
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Be fiest three deflections were observed ona tangent palvanometer, the 
‘Yemuinder with Sir, W: Thomson's delicate mirror instrument.. ty 
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~ WPhett describing the waroral reflection, rd Stated. that, it was constantly 
varying in depth of color, Now this might be caused by clouds passing | 
-before the aurora, ‘or by some other changes in the reflecting | medium 
J will nevertheless hazard a conjecture that these variations corresponded 
with the different phases of the aurora itself, and also that they coincided 
with the alternations of the earth currents. In conclusion of this part. 
of my subject, I have only to add that the Jask-Gwadur cable and land- 
line lie nearly east and west, and the J ask-Bushire and Jask-Fao. lines 
north-west. - 

All electrical disturbances, such as I have now aeaatibad: or such § ag 
are produced by thunder-storms, by polarisation of the earth plates to 
which the ends of a line are connected, by differences in the state of the. 
weather and atmosphere or inequalities in the altitude at distant points 
of a line, &., are technically called “Earth currents.” From one cause 

‘or another these currents are always present in telegraph wires, particular- 
ly submarine cables. Happily, however, they are not often possessed of 
sufficient strength to interrupt communication,* and generally they are 
so feeble as only to be measured by the aid of testing instruments. In 
England it has been found that lines which pursue a N.E, and 8.W, 
course are most subject to disturbance, while on the continent those lying 
K. and W. are generally more affected. Again it has been remarked in 
England that lines N. W, and §. E, are seldom disturbed, and then only 
to a slight extent, while my experience shows me that,: as regards the 
degree of disturbance at all events, this rule does not hold good for the 
Persian Gulf. Butthe fact is Philosophers have not yet been able to trace 
any laws concerning either their direction or strength. Sometimes they 
are most powerful N. aud §., and at other times E. and W., at one time. 
they flow steadily in one direction for lon# periods, at another they 
change about in a most capricious manner from positive to negative in 
quick succession. 

When they are accompanied by an Aurora: borealis, and by certain 
abnormal perturbations, of the magnetic needle, they constitute, together 
with these two Bhenomens, what Humboldt has been the first to describe 


‘Cas a Magnotic storm.” 


‘During the last fonr years there were probably not more than half a dozen nsec of the 
caves in the Persian Gulf being seriously and for any considerable time disturbed by earth currents, 
‘I myseif can only recollect four cases, in one of which (13-14 May 1869) the currents: changed: on the. 
Yadk-Qwadur stotion from 19 Daniel). cells positive to 14°5 negative in about 30 ceca on the 

Jaosk-Bushire from 21 negative to 5 positive within the same time, 


“Many viopla rogeed the sacle: arth carteatai in the light of ones 
| end effect ; but this ie altogether a fallacy, for, to whatever inflienoe they. 
must be’ attributed, it ia certain they are both the producta of one and: the 
eatiie: ‘agency: : Wiiether ‘this be « purely electrical one, as suggested by 
Dela Rive, or ‘magrieto-electric as advanced by Humbult, is as yet-undecid. 
ed, although the balance of belief inclines greatly to the latter hypothesis, 

‘De Ja Rive considers the Aurora as due to the discharges.which take | 
place in polar regions between the positive electricity of the upper at- 
mosphere dnd the negative electricity of ‘the earth and the stratum of air 
in ‘connection with it ; the earth currents being caused by differences in the 
electrical state-of the earth consequent on these discharges, If this be s 
correct explanation the Aurora can hardly be said to be a distinct'pheno- 
menon from lighting. It seems to me that.being identical in the manner 
of their formation, &c., the one should be as universal as the other. 

' Late experiments however havg failed to sustain the electrical theory, 
inasmuch as during the finest Aurore the most sensitive electroscopes 
have not been affected, while the magnetic needle has aware st ace 
very seasible, and at times, considerable, variations. 

It is now generally admitted that all these abnormal variations of the 
needie and, indirectly, Aurore and earth currents are the effocts of a dig. 
turbance of terrestrial magnetism, a disturbance which is connected in: 
some as yet unexplained way with the sun’s spots. Humboldt’ theory is 
that the disturbance of the earth’s magnetism (begot by the solar agency) 
induces a like disturbance of the electrical equilibrium, and that it is the- 
électricities of the earth and of the atmosphere so disturbed, which, in 
their efforts to re-establish a balance, produce earth currents on the one 
hand and Aurorm on the other. 

In what manner the number and magnitude of the “ve on the sun 
operate in producing magnetic storms has not been clearly proved: up 
to ‘the present philosophers have only succeeded in establishing the fact. 
that these ‘spots and the magnetic and electric perturbations of our earth 
increase side by side by annual increments and attain their maxima at the 
same time every ten years or thereabouts. This remarkable coincidence 
indicates that if the sun or his spots be not’ the first and great cause of. 
/ tpagnetic storms there is at all events reason to suspect a close connection 
between’ them. 

- Tf wé acvept this theory I think it is easy to explain why Aurore al- 





‘ tgs 
tye Fos Cal 
iite wiht Pax 14 a 
82a n 
veh 1 ah cu 4, 1 
. f ’ ae i eek} ta 
ae if oa ex ys; i 
. ‘ 
4 
' , a’, fs . 
: aa ar ’ 
oT] “ : Mt 


- laine om the. ane iis ‘ies: wre | kuow the: Sida’ oh the’ 
sparth’s magnotiam is there greatest: at these points therefora the: solar, 
dnflesnce. exerta itself in greatest force and’ produces'the greatest amount 
of magnetic ‘disturbance, This in its turn induces the greatest electrical 
‘disturbance at and around the seal atid thus gives rise to thors magni-~ 
ficent displays. 
' The question of earth sucants as fara att of the important 
subject of magnetic storms has for many years past engaged a great 
share of attention at most (if not all) of the observatories ia Europe, 
Special wires: have been erected for the Greenwich observatory with 
sensitive galvanometers in cireuit, the variations of whose magnetic nee-- 
dles are daily recorded in all their minutia by the aid of photography. I 
am not aware whether the-Golatia Institution is similarly provided, If 
‘not, no time should be lost in properly representing the matter to Govern- 
ment. Valuable opportunities are evgry day wasted: for if it be true 
that temperature hy expanding the atmosphere has something to doin 
disturbing the earth’s electrical equilibrium, in other words, in producing 
earth currents, it is obviously in such situations as Bombay, Calcutta, 
and Madras, that this conjecture can be best subjected to direct test At 
all.events much information would be acquired, which in time would pro- 
bably tend to the elucidation of the true cause of these Evens and 
of the laws that govern them. 
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[Vide Plates Nos, LI. and LI.) 


USEFUL RULES AND TABLES FOR TIMBERING OF 
FLAT ROOFS. 


By Masor W. H. Mackxzsy, 'B.S.C., F.G.8., Assoc. Inst. C.E., 
Executive Engineer. 


I had at first intended bringing out a set of tables for the scantlings of 
beams, rafters, &c., of various kinds of timber under such loads as occur in 
Indian practice, but as I found that the work would have taken up 
more time than I could spare for the purpose the intention was given 
up. The following rules and tables will be found of great use in calculat- 
ing the scantlings of beams, as in every case the paper work is reduced 
to simple multiplication and division. I have used the tables myself for 
e considerable time, and the constants for deflection and strength for many 
years. There are possibly errors in the tables, although every precaution 
for securing accuracy has been adopted, and if any such are noticed, I 
shall be glad if they are pointed out. The constants have been calculated 
for sil, teak, deodar and fir, a few blank lines are left in each table which 
will allow of constants for other timbers being inserted in manuscript if 
desired. The value of E, I have taken for deodar is 2,500; that adopted 
in the Roorkee Treatise is 8,565. This is I am convinced much too large. 

Experiments carried on at Murree* (in I think 1856), gave Ea from 
2,200 to 8,200; observations of existing flat roofs seems to show that 
2,500 is about « suitable value to adopt. Rankine gives E, for cedar of 
Lebanon (supposed to be the same tree as the deodar) at 486,000, which 
reduced to the Roorkee Ey = 1,125. 


* Report on flexion and fracture of deodar and fir-woods, Robertson and Henderson. 
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“an ania determine % cue kek ees 
dian woods), carried out with small pieces; and it is very desirable that its 
value should be determined from experiments on timbers of largesize. This 
might be done without expense by observation of the actual deflection of 
the timbers of flat roofs. It would be a simple matter to score a straight 
line at each side of one or more beams of each roof before erection, mark- 
ing with a small nail or screw or otherwise the point over the centre of 
each wall plate, and the centre of the beam. ‘The deflection could then 
be measured with sufficient accuracy after erection, by stretching a fine 
Ime over the extreme screws. It is also a question whether a greater 
deflection than one-fortieth of an inch per foot of span might not be 
allowed for flat roofs. This in the case of a 24 feet span roof would be 
{5 of an inch, an almost imperceptible amount. Observations on the 
actual deflections of the timbers of existing flat roofs which are in a satis- 
factory condition would be valuable. The question is important in an 
economical point of view. 


Runes anp Taszes. | 


“From the well known equations for the strength and ventral deflection 
of horizontal rectangular wooden beams supported at each end, and uni- 
formly loaded, viz. :— 


5 Wwe 
é = 33 ° be E,’ esseene mie saereesesseene (1). 


W = ee, Geecaveveoseoseqheses deoeneae’ (2). 





where 
@ s= central deflection in inches. 
W = uniformly distributed load in poungs. 
t, b, d == length between supports, — and depth all in inches. 
B, == co-efficient of elasticity = a=, (a, being the ——_— 


used in the Roorkee Treatise). 
Sf = the co-efficient of transverse strength =: 18 p (p being the 
‘co-efficient used in the Roorkee Treatise), 
so the factor of safety (teken = 10). _ —" 
We el, obtain by putting. | 


i= aq # = load in pounds per running foot of span, Li = length 
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in feet, @ sx watio of depth to breadth x= d+ 3; Cy Ceo, e gonstenta 
given in the following tables :—~ 
Bor d sx (On, or C1) x / WIE peeseevee (8) fromm (1). 


B or & az (0, or 04) X AL WL cavsseeee (#) from (8). 


In (8) (Cror Cie (for yy) x Af Gemnd 
in (4) (oor 1) = (of For wv ) o lz 


Thus both the deflection and strength formule are each broken up into 
three factors. 

O or ¢, depending on the kind of timber, and the ratio of depth to 
breadth selected in any particular case. 

A/ TF or AL, depending on the span. 

ze or 3S ; » load per running foot of the beam. 

Values of these factors for each formula will be found in the following 
Tables for the loads, spans, and ratios of depth to breadth of ordinary 
occurrence, 

If it is desired to limit the central deflection of a proposed beam to zgth 
inch per foot of span 


(b or d) =(C,or,) x WT + vz from (8). 


and if the beam is to be strong enough to be at the point of fracture un- 
der 10 times the proposed load 


(bord) = (nH ores) xX E> => from (4). 


In permanent structures it is usual and desirable to fix the scantlings 
of the beams and rafters with reference both to stiffness and strength, 
making use of both formule, and adopting the larger result. The following 
diagram shows at a glance whether in any particular case the deflection 
or atrength formula would give the larger scantling, thus saving the de- 
signer the trouble of making the double calculation. The diagram exhibits 
the span for each nnit load at which either formals gives the same scant- 
ling, and fer a greater span the deflection formula gives the larger scant- 
ling. 

The following formula has been used in constructing the diagrams, 
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ee the required span for auy ar load is that for which d from (8) = 
q from (4)5. we have— 


Wr fae Vol = | der aa Vw Ls 


* Whence L= = ax vie sees eeeedes todo ce 


In re cane of a cylindrical beam r == mi == 1698, The value of= = 
is to be calculated for the kind of eter: cilia then find the value of : 
ee for each value of r in ordinary use, putting w = 1,000; and last- 


ly set off the several values of L at 1,000 tbs. on the diagram, drawing 
‘straight lines to 0 Ibs. The ordinate at each intermediate load will give 
the required span for that load. 

A, series of examples of the use of the diagram and tables will be found 
in note A. 

The formule (3) and (4) are made applicable to the case of angle beams 
or other beams similarly loaded, by taking w s= the average load per 
running foot on the beam, and proceeding as if w thus found were a uniform 
unit load. (A proof will be found in Note B; the rule is strictly speaking 
approximate, but is near enough to the trath for all practical purposes). 

In designing a flat roof, the spacing of the main beams is often fixed. 
by the position of the openings, size of the available timber, &e.; when this 
is not the case, it is worth while to adopt the spacing which involves the 
least possible expenditure of timber. This point is investigated in N ote 
O, with the following results. 

When the roof covering is to be carried by rafters or bullies of certain 
fixed dimensions, it is self-evident that the most economical arrangement 
is to space the beams at the distance whick the rafters can safely span, 
which call S. If the beams are to be place nearer together than this 
distance, the waste of timber may be found as follows :— 
put A = content of one beam per running foot of a roof for spacing S. 


» B= oo” ” ” 7) ” 8,. 


then B = A [Bene scree soseceseeses (6)e 

"Example —~A' flat roof is to be carried by bullies which nay have a 

searing up to 10 fect, and it is proposed to place the main beams 5 feet 
‘part, what waste will be caused by this arrangement ? 


~ oe ‘ ‘tiesEaiNe or mat hors. . | ir) : - : 
"Pat A = ‘nity, B = /F = = Mid, na a 
yr 41 per cent. more timber will be used in the main beanis if pneed at a 
5 feet, than if a 10 foot spacing were adopted. : 7 
When, as is usually the caso in permanent buildings, the exact svantling 
of the rafters is not fixed beforehand. 
Calling the most economical spacing,  -  B8in “feet 
»  the.span.or bearing of the main beams, by age 8 
” the ratio of depth to breadth fixed fur the rafters * 
” ” 9 main beams R, 
We have . S =< , ‘B77 ut x ( ~)’ : eakeces SCovagrteaseeees cava aos eoee - (7) A. 
Jerived from the defection formula. 
f the cost per cubic foot of the beams is ..sesceccsssceseeeee = V rupees, 
99 99 9° 99 rafter 99 PWM weoedeseovsnrosese v 
The most economical spacing as regards cost is 
ee aa " Vv 
5 one 577 L x (<)t x (=) W ebanecetccves vovccsecsseneenens (7) B. 


Table showing the most economical spacing for the main beams of flat 
soofs (or bearing of the burgahs) for all kinds of timber (no minimum see- 
ton being fixed for the burgalis). 


From formula (7) A. 
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Span in feet. 
Values of R and r. 
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oh ea ee: 
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Raar=y .. «[ 869 B-B8| 4°05) 4-23) 4-41] 4-57| 4-76] 4-93] 5-10) 6-25) 5-49 
R= Ae s B> +6 «| 4°08] 4°80] 4°48) 4-68) 4°87] 5 07) 5 26] 6-45 5°68) 5°88] 5-99. 
































Tt will be observed that the above spacings are independent of the unit 
obd-on the Beams. 

A certain miinimam section of rafter is lowever always adopted in 
“wnactice, usually 8° x 8‘ in ordinary flat roofs. The maximum bearing ~ 
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‘whieh should be given to such rafters spaced 1 foot from centre to centre 
under s permanent load of 125 pounds per superficial foot is as follows :—~ 


Teck, jee nen) 
Bi. nes BOM Foor gregh sas —— 
ope on ee pie up to pipe (F) applig, 


Deodar, 

The value of R for the beam being taken at 3 + 2. 

Formule Nos. (10) and (11) for ascertaining the waste of timber caused 
hy any departure from the above rale, will be found at the end of note O, 
they are however rather complicated, and are omitted here, 

In roofs of small span such as verandehs, it is sometimes a question 
whether the timbering should be of rafters alone, stretching from wall to 
wall, or of rafters carried on beams, An investigation of the point will 
be found in note D, formule Nos, (12) and (18). The following results 
are obtained therefrom. If the large rafters and beams have the depth = 
once and a half the breadth, andif the small rafters are square, with a 
fixed scantling of 8” x 8". 

For sdl timber, beams and rafters are more economical beyond a 9’ 10° 
span, 

For deodar, ‘5 ‘ ry Yb 





PLATE Li. 
- TIMBERING OF FLAT ROOFS. - 2 


DIAGRAMS. 


Bhowing span for each unit load at which deflection and strength formale give | 
the same scantling (see text). 


Ee, (640)? Ry? __ (4963)* | 
Teak, —* " t~—] (814) wx 1289 Sal, a) = (ago) = 204 


1989. 1 oe ; | 
— 5188 ~ 4 x 1000 = 1000 9-156 


: y 
£ : 
‘ 2 
& & 
4 | 
z a 
sess ct baa 
mt Cael, 19 sal, 
w ~ 
e {20 ~ 
. ac cL Eee 
- abe 2 pres Ee 
al Ace Ere " 
Aa PEELE ee 
a Eee 
- oe i Hh a 
a re ae 
, € 
ha s 
‘& 
= me bom 
rent { Te . 
"| “net, 0 100 708 1800 a 


DIRECTIONS YOR USE. 
of the éntoresetion of the load and span lines falls below the diagonal correspond- 


. fing to 7, use the strength formule: : if above, use the deflection formals, Halve unit : 


, "Kinds qounter than 1000 Tha, ané double th apen ont by r. _ 
The diagrams are constructed only for a deflection of dr-ich per foot ot open, f 
| and factase of eabety 3 20, end entthot, be used for other factors or deflections, | Pons 


and for strength 


™ 
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USE OF THE TABLES AND DIAGRAMS, 
Nors A, 


Ezample 1.—A sl beam is to carry a uniformly distributed load of 
700 ibs. per running foot, span to be 21 feet, b to d as 1 to a/2 == (as 


_ nearly as possible as 5 is to 7). 


First, on referring to the “sgl” diagram, the { diagonal cuts the 700 
ths. load line at 84 ‘feet, and therefore the (deflection) formula gives the 
larger scantling,-—then 

d= AMOS = 148 and b = = 10°5 
these results may be obtained at sight by the common slide rule, thus 


Bx 148 


A 9-31 depth == 14°8 breadth = 105 
B "194 “2900 °207 


the use of the slide rule is strongly recommended with these tables ag 


giving a safficiently accurate result without the trouble of paper cal- 
culations. 


A deodar beam 15 feet span under a central Joad of 4,500 tbs. d <- b 


== 2. The diagram is of no usé in this case, w == —~“% a 480 Ibs, for 
a x 4500 
15 





use in the deflection formula, and w = == 600 lbs. for use in the 
strength formula. 
Then for stiffness 


_. ‘878 % 7625 __ ag. a3: 
d= FE — = 18-4 and b= 67, 


_ ‘871% 6082 ag, 2. she 
ad = ig SS 18:9 and b = 6°95, 


To prove the correctness of the above results, 
‘ 18 
s= arr ‘876 = approximately 5 == ‘875 


and W mz “2% 500 _. 4500 


4500 x 15 18800 
whence 8 = eae Tiga sche = “isis = 10°04. e 
” A Sr kurrie 12 fest long, loaded with 150 Ibs. per foot, is to have 
a central deflection of x4, inch per foot of span, required tho scantling, 


Proof of the above 
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ron 150 x (127) 
P= BY Fae Kwa x 0 = = neatly 06, 
the required deflection being —- oF hoc: ane 
- & deodar bullie for a mud roof of 16 feet span is s loaded with 100 Ibs. 
per running foot, required its girth, factor of safety being fixed at 74. 
190 «75 75 
10 i : 
g = 208 x 4642 x £642 — 16 fasting: 
The same, factor of ne being 10, 


I= = xs 42 17°5 inches. 


The same, deflection not to exceed {/,th per feat, 


9 = a= 20°83 inches, 


Note.—Bullies usually taper, but if placed head and butt, the strength 
of each pair will be greater than if perfect cylinders of girth equal to the 
central girth of the bullies were placed side by side. 

For if d be the diameter of each bullie at the centre, and d, be the differ 
ence between the diameters of the ends, then at any point distant x from 
the centré, the diameter = d + os = sieee, and the sum of the 
moments of ruptare of the pair of bullies at any point 2 varies as 2q* +4- 
pal $6, but the sum of the moments of rupture of the pair of cylin- 
ders at any point varies as ‘2d°, and hence the strength of the pair of 
bullies is always the greater. It is also manifest that the stif'nces of the 
pair of bullies will be greater. 

Jn flat mud roofs or whenever bullies are used as rafters, the bullies 
should therefore always be placed head and but. 

An angle beam for a 12 foot verandé& cagies a se roof 120 Ibs. 
weight per superficial foot, on bargahs, to be of sdl, r = 5 3 > (the verandahs 
meet at right angles). The load: from the central pair of bargehs evi- 
dently equals 6 x 120 = 720 lbs., and the space between ‘the burgahs 
fronitentre to centre along the = =.1°42 feet, hence the average load 


per running foot of angle beam = as = 510 Ibe, and, the bearing of 
the beam = 17 feet. Reference to the pada shows that the “ defiec- 
tion” formula should be used, . 


wd xe Tt x O88 = 14, and. = : 985," 2 


w, = 





"210 
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Nore B. 


Let AB be an as beam, DO the central jack rafter, the load from 
which on the beam = w, let wn =: the 
~ number of jack rafters, then the total load 
on the beam = nw, == W, and the aver- 
age load per running foot of beam = 





— = wu. It is clear that the load -on 
AB and the manner of its distribution 
may be represented by the neh meie triangle abe, area = wl, ab = 
AB= L, be =: 2w. Since be ig vertical, 
the vertical line throngh the centre of 
gravity of the whole load cuts ab at a point 


distant from b, and hence the re-action at 
a=Rk= © and re-action at b ==: B 


8 —— Oe 
=? a lL The bending moment M at any 





point m, distant « from @ taken as the origin 


= Re —- 2 = 2 - OF = Ac Be ew 


to find the yalue of x which makes u a maximum’ 


d& A SBo? = 0, at = & 


dz L $B 
oo &= Vi == ‘577L 


makes the bending moment a maximum, and the value of the maximum 


bending moment = 


M. = = omen oo {escsseusuaebadessivisessessoncusseeies(O)e 


The maximum bending moment of = horizontal beam under a uniform — 
‘load per unit = w is known to be — a, and therefore an angle beam may - 
be treated as an uniformly losded beam under its average unit load with- — 

‘ out sensible error in ordinary cases. 
Again taking: a a ~ one” of co-ordinates, and ab as the axis of a, it - 
‘ig known that a mle | 
| EY SP Te (at - Uo). 


b 


Integrating twice, 


; : ee tesa : aay eat a ee oe 
' a4 eo ee . e eee “; 3 . : a 
al \ . z ot we 7 : 
$68 .: 3 ficemame oF: “vier bars, i on 
. : aoe ad : « ‘ co 
pie * “ oe oe . a “% 


meee eevee) 
| gporian Tipe Dpes. | 
seek Eearact 


n _ w fe Ist 71s. ere 
ee Ely — BL & — hor ofu a screvecesecese(A)e 


which is the equation ‘to the deflection carve. . To find the value of # 
which makes ya maximum ss. | ; 

~ # 1Le , 

 eomel cm _ is + i 





= L x ‘519828 
putting A = vi=ve em AL 
substituting i in (A) 
wo f ATS ATP 7 AL ; , 2847 ae 
ay = 7 (47 -S +e ) = wit x x Tag 


‘wh 12 x 2°347981 - wilt &°009 ( 
¥ —ite * 180 =—r “Kaa? x “33 disbeuediecadesese 9). 
The maximum deflection of a similar beam under a uniform unit load 
& 
== w is known to be = fon a 


which differs but slightly from (9). 





‘Norn ©. 
From the formula for deflection, we a 


bm ze x o/s Bx J wt 


cece ace 


aise iene, ane alan carne 7 * 
ees A). xuhc LE - 
: or tif te. EE (wilting ¢ = @ wae (B). 


‘ ‘ , 
ey 


Ree, 
* @ 
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If ¢ == the space between two adjoining beams, or the unsupported 
length of a burgah, and if the burgahs be uniformly loaded with w pounds 
per ranning foot, the distance from centre to centre of each burgah being 
one foot, the foot load on each beam from a pair of burgahs, one at each 
side = tw, == w 8. 

If first the timber in the burgahs be not taken into onmicerettin: 


en haveretpi pes ociieay | ee St wt LE roen savas (BY. 


foot of roof for spacing == S Sxr 
A:BivR ive ndBaa /S see (6). 
Second, taking the burgahs into consideration,—as before, unit load on 
each burgah == w, and from (B) we have content of one burgah = = 
‘i 


and as.the number of burgahs in each bay ==: L, if we assume the length 
of the roof to be infinite, we have contents per running foot of roof, 


= a‘st 


For the burgehs = ewt ST, _ 28 si 
= 


rtg 
For the content of a beam per running foot of roof, we have, since the 


unit load on a beam = wi, and writing R for = 


ris Ri st} 


and therefore the ae quantity of timber per running foot 


= AS? + BS = 
==? ast—yBst=o ~. 8-/E 


gives a minimum value to w. 


pig =u x 3x (¢)! 





| 8 Rt —— L 
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570 : : TIMBERING or FLAT. accor, 
8-— u x sm x (3) ee asis ase eegneeess neees 0). A. 


‘Aecain spain: having beat a to ducuriatn the saving o excess 
caused by any deviation therefrom, call the content per ronniag foot of roof 
corresponding to spacings S and §,, respectively A and B, then we have— 








ont 2 cot 14 cot L / Ss? opt 4 
‘ ~} penned epee emma mateo emer os 
a Poe = ee Ad yaa 
- oe au 
B= Cy = —) .: 
BL esa + Lar | - 
whence 3 = (8)’ sisvnessaaeer (10): 
if R = 1, this becomes | 
BS re vecsansaee (L1)e 
sh (5) 
say for a 20 foot span, 8 = 5, and §, =. 7. 


3 = Fa + ‘85 =: 1:18, or a waste to the amount of 18 per ont 


would be caused by spacing the beams at 7 instead of 6 feet. 
If 8, be made 10 


+= Sia % °71 == 1:17, the waste in this case would be 17 


per cent. 


. 





Norz .D:. 


To find the span beyond which beams and burgahs should be used 
instead of kurries. The limitation caused by the desirability of using a 
minimum section of burgah must be takey into account, call this minimum 
aection A, and spacing at which this section is stiff enough for the pro- 
posed load 8. 


© If the rate per cubic foot of the timber for the beams is greater than that for the burgaha. 
all the rate per foot for the beams V, and the rate per foot for the burgebs o, then the formula 


for the most economical spacing as regards cost is 


8 = °877 L fz x / “oO Seepoocvece somone oqmeyeesarye AR. 
Thuy if the timber be ofl, rate for largo soantlings Ba. ¢, and for mall Re. 8. 
| = {$= 1165, and for & 94 foot wpan. = #) te mort eoonomten! wpaing woul be 


 ©85 X F185 = TRO fest. 
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“thea we have, @ ‘being the required span, 
 ABas content. of the burgahs for one bay, 


as Bes 4: A ' 
8 r 
; ae ~— ”» 99 beam a eS 
ont Bt ats 
ont atch _ kurries with which the above might 


r ” 9? 
ef 
be replaced (spaced 1 foot from ae to centre. 


+i + 
4. ASe ents rg sale 
lees aa _ rh 


whence # = ® er ee - levticsevessud 312) As 
+r-—2/sRr) 


ete Rane ger 8) MA’ SR : 
or if R= erodes r 2 %m(S+1—/s) Peadaepdseoseogggvsevoene (18) A. 


If the cost per cubic foot of the timber in the beams = V, 
and 5 - . 5 »  kurries and burgahs = ¥% 
these formule become z = ES .-(12) B. 
25m (v° SR + V3 vr — 2V0 VSEr) 


orifR=r 


ohne (2 Sa. Vo. BV A 8) eoseeouoese 


Ei ot AUSE s (18) B. 
260 (v? S+- V* — Som (w B4- VV" — 2V0V B) §) 





Note E. 


There is another method of calculating scantlings for permanent struc- 
tares, (brought to notice for the first time in Professional Papers No. 1 
[Second Series] for July 1871), that is to substitute the strength formula 


(3 or d) 
| = (*/Eont/*) x [Re x few 


» such a value of « (the factor of safety) that the deflection under the 

; proposed load may not exceed ,1,th inch per foot of span. Equating the 
depths obtained under.similar conditions of load and span from formule 
(8) and (4) the — result is obtained, 


: | (rio > % =) x Lis (rew x > x ul whence 
| age (BYE x ap x « (2) scsi elk), 


ay « id ‘, 
eee yt oe cae ss 


1 
AP gd ! 


’ = . 1 i a 
’ 7 NA ’ yet, ‘ : od i 
% we . eta’ aS ie a + = A <a 
572 es ‘vinpinntse or soar noe, A gS 
; pa oe ue 


This i is des game ak a8 thist artived ‘i ig jwjiation é ea, pate: oy ist 
Volume of ‘the Roorkee Treatise on Civil Engineering: (xia Sain 5 ae : 
s be written for n, and w for sw this will be evident). ee 

The strength formula as written above, is not in a convenient ficen for : 
practical ude with varying values De 8; and must be. changed itito the 
form of formula (ii), 6d* = wL’. —— - -5.. The equation for s may be broken 


up into four factors. 
(a). ( =) x 2p depending on the kind of wood. 


(5). AL depending on the span. 


(c). A/w i » load per running foot of the beam. 
(qd) Vr» 3 relation of breadth to depth fixed upon. 


Values of these for several kinds of wood, and for the loads and spans 


in ordinary use are tabulated below 
. g = (0-0) 


eee ee 


. Tabular numbers for wood selected. 





Fir. 


Bd 





Wood. |. Bal, Teak. | Deodar.¢ 





(a) values of (=) x 2p=| 88663 | 87818 | Ble A | 26-742 
2758 B. 


Tabular number for span. 








ey i=] 
(c:) Vom &SSHSi SSM OF BE Pertti st 


AT EE EN TE A TALE IE IEEE ELE SE TEP LD TUTE 
e 
MOEN ID OA TN GN ID ee CO Ee 
Sas Ss SAESR ~~ mt ON om 





Tabular namber for the ratio of — tol breadth selected. 


SS le 


1 | 1 on er 1089 1- ag 1187) .3°149) 1° 89 1170) 1187 
CRIED 


t 





Rips # By taken ab 2,500 for A, and 8,000 for 3 | 


Direct for wes | 


Follow the vertical Joad line until ic cute 
the’ ‘curved ‘pan line, then look right or 
teft for the required factor of safety (0). 





« found from this diagram a inserted 
in the formula ba ss wl, i limits the 
central deflection of the beam no determined 


to yy ineh per foot of span under the uni- Pa 16 


form bad of w pounds per running foot. 
L being taken in feet, 
bandd ,, ,, inches. 
The diagram is constructed for d ~~ > =“ 
pon 8-2, For other values of , mul- 
tiply S by tho by the following numbers. 


Value ofr, .. 1-1] 5-4 478 “.: 13 


Multiplier, «| 211 | 105: 1-08, 





WC | ae | PE weeRESTe 


Value ofr, .. liad ilies icaiaed 
Multiplier, .. “102 | “roo [09s ale 


scupppentheeaain apn oo 


Valueofr, .. (7-4 9 & 615-8 





EES 


Multiplier, ..| 097 | 096 | 095 
Valueofr, .. | 2-rl | 


CETTE | Cini: sua 


Multiplier, .» | 0°93 








For Sé! multiply § for Fir by 1:265 

» Teak , » —-1°400 

» Broisoo0, - » Deodar by 0870 
Iuterpolate for intermediate spans, 


& 
— 


m1 
OY 


of 
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To take one or two examples. 
A deodar beam 16 feet span is loaded with 800 lbs. per running foot, 
scantling sili the depth being made twice the breadth. 


31623 x 2 = 10. 
~ 6318 x 1187 = 632 
(ished to diagram Plate L1.,) will show that this value of ¢ is correct) 


Then bd? = Rec == 2048 =< 48° whence } = 8 inches, and 


d =: 16 inches. The same result could have been more simply obtained 


_. ‘816 x 8 
~ "188 


A kurrie (s4l) 12 feet bearing is loaded with 150 lbs. per running foot, 


scantling required, depth being 3 times the breadth. 
vv vo X& 1°86] = 161 


$= 


35 x 1100 868 


2x 880 
whence }) = 4°447 and a. 2 F 671, 

Reference to the diagram shows that the scantling of the kurrie should 
be found by the “ deflection ” formala 
197 K 645 

"286 

and d = 6°67. 

The latter method of finding the scantling is far simpler and easiex 
than the former, although as far as regards the result, it is indifferent 
which of them is adopted. 

The writer is aware that there are theoretical objections to the method 
of calculating the scantlings of beams by the “strength formula” with 
a variable factor of safety as described in this note. Still although theo- 
retically defective, the method has its advantages, and is extensively used 
by many officers, ¢ being usually assumed at a probable value, and not cal- 
culated by formula(14). A diagram (Plate LIJ.) is appended, by which 
_8 can be found at sight, with quite sufficient accuracy, for deodar and fir, 
and with the aid of multipliers, for sal and teak. It is scarcely necessary 
to observe that for permanent structures 3 should never be assumed less 
than 10, 


direct from the deflection formula thus, =: 16 inches. 


‘whence 6 = 





on 4:45, 


he 


W. H. M. 
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No LVIII. 


WIRE-ROPE-WAY FOR MOUNTAIN TRAFFIC, 


“Suggestions for an economical plan for carriage of goods Jrom the 
Plains to Hill Stations.” 


In an article in the July number of the “ Papers,” entitled the “ Mountain 
Tramway,” it is proposed to utilize the power existing in the downward 
rush of hill streams for propelling traffic upwards on an Inclined Tram- 
way. 

The idea is certainly an ingenious one, but there are many reasons 
opposed to its being carried into practice. 

For working up goods from the foot of the hills to the Hill Stations, 
the plan described below appears to me a much simpler and more practical 
one, the motive power being always ready to one hands, and in unfailing 
quantities. The principal feature in this plan is the utilization of the 
stored up power existing in the material composing the hill tops, which 
might be used in conjunction with a Wire-rope-way, aa ais between 
prominent points from the hill tops to the plains. 

Take for example Mussoorie, which is the only hill station of which 
Ihave had any experience: The most convenient sites forthe end stations. 
having been fixed, prominent points 1,500 to 2,500 feet apart. should be 
chosen, on the shortest available route, which I estimate, would be about 
four miles. About nine intermediate stations would therefore be, re- 
quired ; at each station there should be a wheel firmly fixed in a vertical 
axis, about 4 feet diameter with a deep groove on the outside. At each 
intermediate station there should be two such wheels. From. atation to Bta- 
tion; there should be working round the wheels an endless wire rope, of the 
strongest construction and able to bear ebout 6 maunds within.a margin 
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of safety. The ‘action of the rope and wheels from station to station 
should be quite independent each of the other, by which the possibility 
of accidents would not only. be lessened, but the damage done, if one were 
to happen, would be localised, and therefore reduced to a minimum. The 
goods should. be carried in large boxes or crates suspended from the end- 
less ropes. 

We will suppose that the way, boxes, &c., are all ready, with a box at 
each station loaded up with stones or gravel, and that it has been found 
by experiment what weight of goods in a box at the lower wheel, a box 
loaded with a fixed quantity of stones at the upper wheel, between any two 
stations, is able-to pull up. The goods being loaded at the lower station, 
the man then loosens the rope, and away they go to the second station, 
when it is unhooked and fastened on to the second rope, and so on up to 
the top. 

There should be a brake worked by a “‘ governor” on each upper wheel, 
to regulate the speed. This and other details for return goods require 
working out of course, but the above is a simple sketch of the proposed 
plan, which with modifications might be suited to other localities besides 
the one alluded to. 

The cost of a line of wire-way with all the necessary apparatus simi- 
lar to that above described, from Rajpoor to Mussoorie, would be, from a 
rough estimation I have made, about Rs. 12,250. 

‘The cost of working it would be Rs. 21 per day, allowing for superin- 
‘tendence at the rate of Rs. 800 per month. | 

The present charge for goods from Rajpoor to Mussoorie is 7 annas per 
maund, which rate I would lower to 4 annas per maund : allowing for 200 
maunds per day for six months i in the year only, the yearly income at 
this rate will be, (after deducting working expenses) Rs. 5,220, without 
taking any credit for return goods. This would be between 40 and 50 
per cent., taking what it must be allowed is a very moderate view of the 
possible earnings. “A single way as above, would be capable of carrying 
' '860 maunds daily, and the working expenses would not be appreciably 
increased ; in full work it would therefore pay cent. per cent. 

In the transport of commissariat stores to the hill stations, a great say- 
«ing. might be caused by the adoption of the above plan, or a modification 
. Gf it. . The idea of a wire-way is not original, and suggested the above 
7 ~ tomes 

| W, B. 
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No. LIX. 


EARTHWORK ESTIMATES. 
[Vide Plate No. LIIL} 


By Captain A. M. Braypurtn, R.E. 


Tue following plan may be useful, The given quantities of a section 
of channel are as below. Opposite are put the letters taken to represent 
them in the general case, and figures in the example given. 


Bottom width, ee es B, 50 
Road width right in excavation, ee oe B: 20 
le ft ee ee B, 10 

Bank top ‘width, right,” ve os os B, 25 

99 9 left, ee oe ee B, : 15 
Side slope of cutting, we on oe S i tol 

99 ” bank, ee ee ee ae 5, 1°35 to lL 
Height of road over bed, ee D 8 
Depth at which cutting equals bank, ee E 4:25 
Distance between stations, .. oe L 1000 

Then if a, 6, c, be the depths of digging at the several stations, the 
cross section at a will be % 


Ba + Sa’® + (B, + B,) (a— D), and similarly whero depth is 3. 
Bb -+- So + (B, + B,) (6 — D), similarly for c, and so on, and the 
whole content being the sum of half the first and Jast section, and all the 


others, multiplied by the common length will be » a 
L.B(G+b+et Sccwaawen we tot Z) 
eS eee a ae oe +¥+7%) 


“+ L (By + B,) i(+> +n + steeeseaaia: +r +3) ~(n~1)D} 
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EARTHWORK ESTIMATES. 
| TRIAL enw vswiees 
ECTIONS. 


itepe in ce: 








SAccdlauser. 


OREN UTI PON 


+ 
if 7 , ra 





Genera. Both 





LONGITUDINAL SECTIONS. 
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where 9 nis the numer of terme in which the depth of digging is erst 
than D. 7 
| When the. depth ot digging i is loss than E, the banks are in excess of: 
the excavation, and must be calculated for the total quantity, the channel | 
being also calculated, aud the quantity subtracted from the total, to show 
the quantity that has to be. dug from borrow pits. 
If a, 5, c, be the height of the banks, then the area of the sections 


will be 
(B, + B,) a + 2.8, a 


(B, + B) b+ 25,8 
and so on, and the total will be 
L. (8, fp B,) G am b a errr mryy TTT orere -- y ofo a) 
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“Onl! the five series, M, N, O, P, and W to shorten matters; the point 
isto ‘find the value of these series, an example of 15 stations is given, and 
worked out, simple figures taken, but with Barlow’s table of squares, it does 
not matter what they are, but one place of decimals should never be 
expeeded i in any estimate for earthwork. No further explanation seems 
necessary, the only point is to take the estimate in separate sections when. 
in excess pmibankment. If the section is irregular, and the depth of 
digging near Ef for some time, so that it seems many sections of estimate 
are necessary, take a good long length, and calculate whole excavation and 
embankment, but. the details of working will be evident on trial. 

The advantages claimed are facility of check. Given a detail Sstimate 
‘to cheek, i¢ wonld it is believed save labor to take it in sections, and 
work it out afresh by this method, and only check in detail the sections 
that are wrung. The centre. portion, slopes, and tow-paths are all given 
eparate, which is sometimes couvenient. The objection is that it does 
not give the detail i in euch: 1000 feet length, but thie is alabor that should 
‘Bot ‘be gone, ‘into till the estimate is sanctioned in these centralised days. 

‘There’ is farther a great advantage. In laying out the bed of a channel 
“on 4 a ground section, and arranging the position of the falls, it is often a 
question whethier: it would not be better to lower or raise a particular reach 
“and to bé able. resdily to get at the difference in excavation is convenient. 
a Thin’ an be: ‘pauily, donne. én thie plan; thus, see the cross sections in plan, 
the’ Wile ‘Wns aay are as the excavation has been ee and the 
von, Apr eacomn sRRInE. > : 
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dotted as it is eaes to alter, #. ¢., to raise or loirer hs bea x hak then 
. the extra or less insides is S.2.L.M, and the rest is (B +. 8 ) 2. L, 
or (B— 82) 2.2". L, and as M is already known, the calculation is. & very 
simple one. ‘Thus to raise the bed in r each from station 5 to 11, by 2 
feet 1 x 2 x° 1600 x 12, gives the sides, and (50 +-2) x 2x 7x 
1000 the rest in excess, following same onder 3 as in general expression 
above. 

If there are tow-paths, the difference for the length they are calculated 
for is (B, + B,). x multiplied by the length, hut as the excavation for 
them will be longer or shorter than before, according as the bed is lowered 
or raised, the easiest plan will be to take out the quantity afresh from 
the estimate. 

The whole complication, if there is any in above general case, is from 
the generality of the case. Ifas would be the case usually only the actual 
quantity was wanted, the excavation from 5 to 11 in example would not 
have been calculated at all. It should be a rule that applies equally to 
all earthwork estimates that the reduced levels should be entered to nearest 
tenth, and the half of an odd tenth should be the whole tenth above its 
accurate valoe. 

An estimate for 44 miles of earthwork, taken out in detail to sections 
100 feet apart, and two places decimals, was made out again by undersign- 
ed taking the digging to the nearest half foot at every 1000 feet only, and 
the difference was only 2 in 130, and that it is believed was an error in the 
detail estimate. The labor wasted in earthwork calculations is believed 
to be very considerable. 
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‘580 «—s- PROVILE FOR WALLS RETAINING WATER, ETC. 


No. LX. 


se THR PROFILE TO BE GIVEN TO WALLS 
RETAINING WATER. | 


By BE. L. Asner, Esq., Executive Engineer. 
. [Szconn Anriois ]. 


An abstract of. the results of this investigation, containing a general 
review of the propositions by which they have been established, was pub- 
lished in a late issue. The object of this anticipation was two-fold. To 
present mattersin a sufficiently facile and tangible form to obtain readers, 
and to throw results into a convenient form for. practical use. It has 
not been thought desirable to mutilate this investigation for the mere 
avoidance of repetition. It is presented complete, and ‘the diagrams 
are repeated. : 

The pressure of still water on a retaining plane varies as the square of 
the plane’s (vertical) depth. Its arm éf moment round any point® is a 
multiple of the depth. Therefore the moment varies as the sai ‘of the 
depth, and its initial value is o. 

The weight of a triangular profile varies as the square of its depth. 
Its arm of moment round the heel is a multiple of the depth. There- 
fore the moment varies as the cube oF the depth, and its initial value 
iso. | 

These identical conditions cannot be or in the, sane ot ad ei 
metrical profile exoopt the triangle. : | 

© Not necessarily in the plane. 


‘PROFILE WATER, RTC. bai 


Therefore, for a consideration purely of statical equilibrium, the tris 
angle is the true aa for a wall to retain still water. ms 
Let ABC be a material triangle 
resisting the pressure of water, and 

weighing w’ to the square unit, 
And let water weigh w to the square 
unit. ‘ 
' Let the base BO = 8, and let 
P represent the resultant water pres- 
sure, and let @ be the inclination 
of the water face to the horizontal, 
and Q@ the centre of gravity, and 
let z be the vertical height or depth. 
Then we have, by known principles of hydrostatics and of mechanics 
generally, and of geometry, 





Sx BD = = cosec® x Ba, 


“  BD= BE+ED=!4 ED= > +}EF, 


EF = + (CE—OF)= + (5- OF). 
(the alternative signs are necessary to include the case, where the vertical 


‘AF should fall on the opposite side of the central line AE—the reiult 
is the same in both cases), 


“hes b._1/70. 
BD=5 tz (G- OF,) OF = 2 cot#, 


bb 119 
= 5 <5 G ~~  cot8 ) 
( Bat as : — « cot 8 carries its own sign according to the two cases re- 
. ferred to, this becomes simply, the following) :— x. 
“ ’. 176 
oe 5 + 7 GG _ x cots) 
2b ~- # cote 
y a ee ee 
Bea OH ~CK = C ac — } cond. 
"Hac, {he equation of atability becomes 


2 pithy, see a ss cosec = soso. si 0086. ) 


, 
sere 
4 te 
s 
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which reduces to the following, calling 
se == n, the specific gravity of the triangle, 


a cottd + (n — 8) bz cotd + a* — 2nd’ =: a, 
or 2nb? — (n — 3) @ cod. b ~ a? (1 + cot’d) = o, 


or B x (8) cot0 Sa =» cote + Sn (I + cottg) ee 


lt is evident, then, that there must be some value of 6 which, intro- 
duced into this expression, will make 4, and consequently the profile, a 
minimum, 


To find this, differentiate and equate to o we get 
(n — 8) cosec?® + 2 (n — 3)* cot eosec’® + 16n cotd cosec’® 


2a/(n — 8) cot’9 + 8 (1 + cot’) te 
whence, after reductions, 





8—n 
ee 
~~ af nt + On + 9 
and substituting this in the equation of equilibrium, we get on reduction, 


2x 
b ome Va on + 9 £OOCROCHHOHSHOCEOR GHCEHHDEL (2), 


and Fe, the sub-cotangent = + Nae 


These equations are simple, depending only on the specific gravity of 
the wall, and they determine a minimum profile of stability, of which the 
batter of the waterface is the governing principle. 

Now let ABC be a minimum profile, and G its centre of gravity, its 
weight acting vertically in GD, and HF 
the line of resultant water pressure 
Compounding these forces, represented 
by LF and LM at their intersection L. 
the resultant stress LB must, by our 
principles of equilibrium, pass precisely 
through the point B, calling P and Q 
the components, the magnitude of this 
resultant R must be 


R= J/ P+ OF + SPQ cos HLM 


we" 
now P = — cosecd 


ov' bx 
w+ 


cot@é = 
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cos PLM = cos? by constraction, 


Substituting for b and @ their values found for the minimum profile, 
we get 


B= [SE cones + Pe + 2 PET conn 


= = w' a cosec’® + w'? bh? - 2 ww! be cotd 


= > / x? cosec’@ + n? 5? +4. 2nbex coté 


(n — 3) 2r(8— 8) , 
=F /e+se + aos) +" az + "RES t ant Tins 
Finally, 
B = Wr! 10n? — 160 + 18 SFCOSCESCOH GEES LESEHY (4). 


ares 


2 n? + 2n +9 


It may also be useful to know the angle which this resultant makes 

. wWith the horizontal. This is easily found to be 

: eal 
COS 7 == PY (= geome gr 
It should here be observed, with reference to the minimum profile, 
that, like any equilibrated triangle, it is in equilibrium at every point of 
its height, a circumstance which is here evident from 6 being a simple 
multiple of #, the same for the same value of @ belonging to the whole 
face of the wall. 

Now a wall exactly balanced as is the minimum profile, will practically 
Cc fail on the slightest 
disturbance. Let us 
examine what will be 
the effects of such 
failure. Let it fail at 
the joint AB, through 
the resultant R falling 
just outside A. The 
triangle ABC is, it will be observed (or rather was) in stable equilibrium, 
because the overthrowing pressure will rapidly diminish, and its resul- 
tant line of application be lowered relatively to A, by the elevation of the 
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pr “gat of the rater, while ‘the apm of gravitation, will wore asus 
“ativaiaiah ¢ on’ acoount.of its moving through a lesser arc. | Some oases, 
dpdeed, might exist.in which ‘this should not prove the. case, bat whether 
‘the triangle ABC continued its motion ‘or found a new position of equili- 
briam, the. result would be se follows :— ie 

fis the movement first ocgurred, the pressures acting on ‘the joint AB 
‘would be more and more lightened on: the water side of a neutral axis N, 

and more and more intensified on. the land side of it. This neutral axis 
would moye towards A as the action ivicreased, until at last the joint 
would’ open, at which moment N would have reached A, and the whole 
stress R would be concentrated on the point A.” The result, practically, 
Would'be that the back of ‘the wall would throw out a sid DEF, aud 
the triangle ABO would topple over. 

It follows, then, that if arrangements were made to ensure. the: ate- : 
bility of the wall, we have here a limit, . immensely exaggerated, of the 
stréss that can, under any circumstances, be brought to ortish the material 
at its back. If, then, we should add on materiafiat the back, of dimen- 
sions calculated to resist this crushing force distributed over-it, we shall, 
at the same time, beincreasing the stability by retreating’ the ‘heel, and 
if it should appear that the amount of this retreat is sufficient to remove 
all ¢hance of mere disturbance, (and very little ehould suffice t9 that, if 
we. assume the. water to be still, to which case every other will, by proper . 
allowances, be reduced), it will follow that we have here a sufficient pro- 
vision for the occarrenge of a failure which cannot evén soour,’ and a 
fortiori, a safe provision for security in the integral structure. 

Tt cannot here be too strongly insisted, to: prevent objections to the 
co-éfficients which will hereafter be proposed, that this force R is not 
to be considered as an actual force in practice, concentrated at the ‘back, 
and tending to disintegrate and push it out at thet point. In practice, 
it will really be distributed in.some varying ratio: along: the whole breadth | 
of the joint, and a surprisingly small fraction of it will actually fall on, 
and about that point, But we are making provision ‘for’ B ‘hypothiatical. 
and impossible, a limiting and immensely extreme: “ate, ‘ander which 
quantity of material should be disposed at, and about the’ paint, z anf | 
cient, to resist crashing. by a certain stress. B, ‘Aistetbated ‘Ovex ‘it, ‘gad: 
which omae effected must, under our agencies, sender it not. aly improb=— hs 
able bat. impossible that the wall should be overthrawai by thase agencity.. 
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Let ABC bea minimum profile. This surface of resistance would: 

evidently be. provided by setting aff: 
OE, OF from the back, perpendien- - 
Jar to R, so that EF should not be | 
crushed by R distributed over it. 
We need not, however, trouble our- 
selves to find this angle, as the 
result will be ensured by describing 
a circle of radius OE round O, and 
_ ‘ making the rib tangential to it.- 

© If we do this for every point of the 
back AB, and draw lines tangential to all these circles; in fact their en- 
velope on either-side, we shall have defined the rib of resistance. 

Now OE will be calculated as follows :— 





We have (equation 4). 
R= 2 2 Gn? — Bn + 9) 
oe ge: n? + 2n + 9 


‘Let the absolute resistance of the material to crushing be 
Pp, ibs. to the square inch. 
We will divide this by 8 as an admitted factor of safety for masonry in 


compression. This safe co-efficient of we will call p, which will repre- 


sent the safe pressure per square ae avoid mistake, 
The ‘breadth of the rib will therefore be in feet, 


roto / 5(5 mn? —8n + 9) 


x37 xip/ w+int+d. 
and the radius, or the off-set from the back will be half this, or 


wise CEE EY (6) 
Ta 4 49, RT op Ot a” + +9 COSFORD EHHOES SHOTS OTOH BHREHEERAEEO 


As this i is a nee expression, the back of the wall will have the curve 
of a conic section, and we may, for an immediate purpose, consider it a 
parabolic spandril . 

This rib: has- to be increased to an extent allowing for its own weight. 
‘tending. to orush it. Considering it a parabolic spandril, and resolving it 
| vertically end horizontally, the trushing force will be one-third the area: of: 
| thes parallelogram standing on its base, of height 2, and multiplied by wi! 
5 OL, Et S80OND SERIES, 8 ¥ 
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Past is, by eas (6), we shall have for the crushing force caused by 
the weight of the spandril = 
wm 2 pees 
. 14 x 12 p jz nh panto 
adding this to the main crushing stress R (equat. 4), we get for a cor- 
_ récted gross crushing stress— 


Me 1 +) tt (SS 
(¢+ Wi cap V+ ln+-o 


and, finally, for the corrected radius of the rib 


(- + w' ) w x LICESLE SD), | 
2 Waxep Ticig swede ; 


Or, calling p the radius, multiplying and hills by w, and giving it it 
ordinary value of 62°5 


oa 1 n 6-7816.0° /2(5n® —8n +9) | 
P ra ( 62°5. w + 864 p ) P / n? + 2 n +-.9 Seeoesce (7). 


The second term of the first factor of this expression is for moderate 
heights, say under 50 feet, so extremely small, that if may be neglected 
in such cases, and we shall have for the radius 


_ 9°1085 a 2 (bn? — Bn + 9) 
Pp oa a ie ne i+ Int 9” Soe aeevenaccsave (8). 


Diagrams 1, 2, and 3 are drawn from equation (7), on the assumption 
that the safe crushing weight p == 100 tbs. per square inch. In diagram 
1, n is taken at 1-792 as corresponding to brickwork, weighing 112 ids. 
to the cubic foot. In diagram 2, n is 2:306, for masonry weighing 144 
ths. to the cubic foot. ‘In diagram 38, n is taken at 2, as an assumption 
for concrete.* , 

This theory has now to be tested by*considerations of stability founded 
on failure by sliding, and by results of which the elements are laid down 
by Professor Rankine in his Applied Mechanics. ; 

It will be seen in that work that the author starts by conceiving a 
triangular wall fully adjasted for safety, and that this adjustment is sup- 
posed to have been effected at the outset by locating the centre of. resist- 

ance of the joint at a distance g from the bisection of the joint. — He then 


* For a correction of this process, which does not materially affect results, see addendum to this 
paper. It will also be observed that the adoption, for the | back of the profile, of the envelope of there 
generating circles is a slight departure from mathematical truth, but a oo on the snfe side 
' amd quite necessary for cael in construction. 
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calculates the equation of moments, involving two unknown quantities, q y 
and the width ¢, and eliminates g by laying down a second equation 
based on the stability of friction. The result is an expression for a wall 
which shall be safe against overturning and against sliding, which, in the 
opinion of many, may be all that can possibly be required. To others, — 
however, it may appear that in very lofty dams it is advisable to have 
security by a compression rib, the design of which has involved the consi- 
deration of maximum strains, and the degree to which either method - 
should be applied, will, I think, be apparent from the diagrams I have 
subjoined. 

Professor Rankine’s sects are worked out on certain sss cases, 
but it will better suit my purposes here to develop his general theorem. — 
The reductions involved being extremely lengthy, I shall only have space 
here to indicate operations. 

Rankine’s equations, slightly simplified and adapted, are the following. 


= paond A/a + p? — b, COCHEOOHE CHEE EOe BESO RROOS (9). 


t 1 — tan ¢ tan j 


- NN tan @ 9 Seeoee Feccestovassees (10). 





a= Gey sec? dy SOCTCCCOS Cocos soneeneeS (11). 


q 1 
ba mart TAN J, rovesvecs cevsscvccccececees (Lae 
. gy 
t == bottom width. 
we == height. 
"j == inclination of the face to the vertical. 
o = limiting angle of repose for masonry, taken at tan ¢ = 0°74, 
m == the reciprocal on n, the specific gravity. 
g == variable, == the ratio of the distance from the centre of resis- 
tance to the bisection of the joint, to the whole breadth of 
| the joint, or ¢. 
gs + the ratio of the distance from the perpendicular dropped on the 
joint from the centre of gravity, to the bisection of the joint ; 
to the breadth t, of the joint. 
It is evident that q’ conteins its own sign, and hence the alternative 
signs will be dropped. | 


‘ 
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as now r poet to devolop the general equations, : ‘First to determine, g’ 
: “We shall hua haye— 
gx 4 1B a AF = } a5 


Ba Nig = @. 
AC ="AD' + DG — 2 1D!. Dd. 
* 008 ADC. = 
= + Dot, DC sin j. 
"A FE 
| ans ai! DO = a seo. 





ee AG? = > + 27 sec? j — te ten j. 





* AB = [Ea cot =1) etn). 






at 


t . . 
am + = wtanj. 


—_* 





alse enn ce daw tw Wie cries ens ets ens Ss 






fs 

| 

i ( | 

ee agdettl — 2 ms. 

t 
| s! 1 tan j @ 
{ i f = = (+ —, “3. 2) an 0s), 
onnere ee os equation (9). we get— 
+ 2b a ~~ 2 = 0. 


" giving a and d their arast in which g’ is replaced by its. sls as found 
"above, (equation 13). 


p 6m(-<- + + 7) tan us 3 meet yf 
—— + 2, == 0 
s bq + (Ftp) a4 ~ taj 5) 


. This becomes the following :— 


aint i-1 Janse | Tombs z-2 1 ik tnty inemiDy 


: errr 
ae | a(sr+5) 


. 
a ac a a Ae 
went 


‘Babetitute this value in equation (10},: andy we got © 


Prom een tb) te (aed yt 
tant jdm moot Bg ta 





tn 
: a. 
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" Whenee, after lengthy reductions, we draw. the following value: of qs. ad 


on bt W/o — Fae * | 
| LS age ) 3 
in which _ | a 2 
a== 86m (wu? + wtany.) © | @ = 12 (2m — 1), } eseeseeae (15). 
b=zaw tang — 12 sec? j +12 mwo*.| 3 = 2 — 3m, Sic a5 


C= ma — fw tany — 2 sect os oe 


And q being determined from these equations, we can find a.m - by subs — 


stituting its value in equation (14) ae as follows :— 


‘ 











to B+ AVE ) 
_ & "eA | 
A = 8¢ x +. 
| oe Piesui (16), 
oe B= [6m(£4 7) -1] tenj ; 
, pesiceeanedy: J 


_ Now the limit of value of g is, as a result of its definition, ¢ = 4. 
. That is to say, such is the limit of the values of g, within which equation 
(16) has any rational significance. 

If we insert this limiting value of g in equation-(16) we get 


A=z=$+4= 2. 
B= (J — 1) tonj = (8m — 1) tang, 
O= — m sec? j. 


po Sn Bn) ny GEE ETT Be, saseees(1T) 
eds 


Also, if we insert the value g = 4 in eqnation (15), we obtain 


fap oe 1h tanta ade Riad 
an j es — 2(m +1) tan gt 2 VG 1)? tan? 9 + Bie" 


4m tang 
- “Nox! the greater the <— of g, the less will be the value of t, and voin= 
Ganeaty the area of the profile. : , 


seussocs(48). 
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| Qhat is, the minimum profile under frictional conditions will be that 
corresponding to the maximum value of ¢, or g = }. 

Therefore equation (18) gives the valuc of tan j for this minimum pro- 
file, m and ¢ being given in every case, and if we insert this value of tan 

f in equation (17) that equation will determine the corresponding value of 
‘the base, thus completely «determining the profile, 

We have here all that is necessary to enable us to realise, practically 
‘and fully, the law. of profiles designed on the basis of frictional stability. 
The calculations are extremely lengthy, and I shall confine myself here 
to the nett results only, 

I have considered, then, a structure of masonry weighing 144 Tbs. to 
the cubic foot, and in which, consequently, m == 0°438, and I have taken 
an ¢ at 0°74, and my results are as follows :— 












































j 0 
or corree- | or correspond: 
‘Value ponding | ing apmoxi- Value Ratio of base 
of roxi- ‘ 
| ee Re] er [vst | om 
ertioal. zontal. 
0 Q? 90° 0'25480 0'5852 vertical face. 
O1 6° 84° 0'32542 0°5418 
0:2 113° 78}° 0:41260 0°4985 
0°3 17° 73° increasing. | decreasing. 
0'358 194° 704° 0°50000 0'4680 | minimum. . 


This establishes the conclusion that of equally effective walls in respect 
of frictional stability, those are more and more economical which have an 
increasing departure of their water face from the vertical, and that, with- 
in the limits of this theory, the greatest economy is attained where the 
water face is inclined at about 704° to the herizontal, at which position 
the base should be 0°468 of the height, being # saving of 0°1172, or say 
114 per cent. on the wall with a vertical face. These figures, be it under- - 
stood, being for walls of the precise weight of 144 ibs. to the cubic. 
foot. | | _ "Sap td 

I have further compared, for three several classes of. work, the mini- 
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mum profile of rotary stability with this minimum or uMERE profile 
of frictional stability, and my results are as below :— 


. 
Crea sep, eta ee ie “i iY Eo 
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Aasumed Cot 8 or tan j Ee? TO WKIGHT. 
reight or m mi melo 
Cat ee hig sai cate profile of re aan 3 & § For ae Frio Remarks: 
enbic tary stability. » SE! rotary ahiegee 
foot. nat stabil- stabil 
8 it ity. 
| 0-297 ; 
Brickwork,..} 112 | 1:790, 0°559 ‘ to 74; 78° | 0°5038{ 0685 
300 





sw hamcgeraiy 


Concrete, 
(gravel), ..| 123 |2-000:0-500} 0-242 | 0-741 77° | 0-485 | 0-555 
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That is to say, the inclination of the water-face in the minimum 
profile of rotary stability is, in every practical case, such as to briug it 
within the limits requiring theoretical ullowances for friction, aud that, 
to satisfy this criterion, their bases should be increased to the following, 
values, respectively :— | 


ent. 0. b, 
Brickwork, .. ase - 0 299 0585 ° 2 
Concrete, ae a sa 02-42 O'S + a2 
Masonry, ee ee oe 0160 016% y 


That is, if the frictional criterion be considered a sine gud non. 
That it need not neccssarily be so considered, will be evident from the 
fact that by canting the courses some 10 or 12 degrees towards the 
water, we could, at these values of 0 eliminate it altogether. 

Accordingly, I have plotted on to diagrams 1, 2 and 3, a straight back 
to the wall which satisfies this criterion. That line it will be seen, falls 
outside the curve of the rib down to approximate heights, for brick-work 
concrete and masonry respectively, of 55, 40, and 80 feet. Intersecting 
the curve at these points, it falls rapidly within it. 

That it is no great matter whether or not we satisfy this criterion will 
bé evident on these diagrams from the extremely minute departure of the . 
line in‘increment, amounting in no case, and that only at one point, to 
one foot in 16. The gross increase to the wall by its introduction would 


+ parca ‘per cd serine ‘ikea eae 





‘ pe i ee heociminns case akon), about 2 prt, and on farther 
" vonsideration; even less. | 
Y For, practically, these walls must hot inemtunte fs in an. apex. “they must 
° garry & weak wall, and a gangway, ‘They must have at Jeast3 feet top 
“width. “Let usisay 4. Plotted on to-the profiles, this will probably re- 
2 ‘diice’ the incresde to little over 1 per cent, and in high dams this percentage 
- will be saonk-to practically nothing by distribution over-an. increasing mass, 
| ‘The principles of the design of. safe profiles as ‘developed in thie essay 
: “ly, then, so far be summed. up 'as follows, for practies! application, and 
_ subject to a few provisos respecting only the aren 2, : which will be made 


in ths sequel. 
i, 


Tf the constants that have been assumed be ‘eailiane scented 


(a). Tf the wali do not exceed certain heights, being. 


For brickwork, oe ee eo os 3b Zect, : 
” concrete, ee ee ee ee 40 3 
” masonry, ee os oa ee 80 r 


make the profile a simple triangle on which 

For brickwork, AB = 0585. a, BO = 0-299 Be 
, concrete, AB = 0-555. we, BC = 0-242 o. 
+) Miasonry, AB = 0: 516. a, BC == 0-160 be 
(b).. If the wall do exceed these heighta, let the 

profiles of diagrams (1), (2), or (8) actording to the 

material, be precisely initated, acoording to their 

figurings, adapting the exterior strsight back for 





ite upper portion. 
II, 

"If the constants that have been sagpmed be not , practically aecepted. 

L Proceed to draw @ minimam iad of rotary sta- 
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bility, inwhich o= Fest = a/n +2n+9 


n being the specific’ gravity of the material. At, 
every 10 feet of the height, rales horizontal line, 
ae +9. and where it intersects the hack AD of, shaprile 
| en tmmnnipe mad dageribe a, ‘circle of radivn’ P 80 eyes 
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mm 0'10852" jo SAO OE) i tii height is < 50 
\ 


; . 2p mn? + Qn +9 
n being the specific gravity of the material. 
p the safe compressive strain per square inch of the material. 
' w the height, or rather, depth. 

Tangent lines drawn to all these circles will define, on the outside, the 
back of the wall, and on the inside, the inside limit of the rib, to be used 
or not, as details of construction may require. 

If the courses are to be canted, the profile may be so far considered 
complete, otherwise increase it for frictional stability as follows :— 

Calculate tan j == cot 6 = Lk aa 
A/ n? + In +9 

‘Calculate a quantity g us follows, inserting this value of tan j, and 
calling tan ¢ (the limiting angle of repose) 0°74 on the authority of 
Rankine, ‘and m being the reciprocal of the aerate gravity of the 
material. 

abt P= F800, 
a. g = er Par me 
@ = 86 m (w? + w tan j), 
b= awtanj — 12 sec? j + 12 m w, 
c= mw? — Bw tany — 2 sec? ys, 
a = 12(2m — 1), 
B= 2 ~ 38m, 
w =e fen g tans, ; 
a tan ¢ 
being very careful abont signs. 

Then, with the resulting value of g, enter the following equation, giving 

tan j its value as found, and remembering that sec?7 = 1 +- tan? j. 


— B + a/B'— 4Ao, 
2A 


A = 8¢ + 3, 
B= [¢ m (+ + 7) o 1] tans, 
== — msec’ j. 
‘The result will be a fraction, the ratio of the base to the height. The. 
value of the base thus found is to be set back from the toe of the pro- 


_ file under correction, and’ the extremity joined to the vertex of the wall, . 
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forming its back, and the corrected back of the profile will follow the 
curve below, and the straight line above the intersection. 

All these calculations will, of course, he effected with logarithm tables. 

These profiles having been i ai for perfectly still water, require 
two corrections, viz. :— 

_ (1). For waves. . 

(2). For currents. | - 


Waves. 


The waves which occur on minor bodies of inland water are inconsider- 
able. A very usual height of splash wall is 4 feet, and we may safely 
fix this as the limit of height of undulation above mean level. 

The effect of a wave will be to momentarily increase the head of water 
on the structure. It would seem, therefore, that a full provision would 
be to design the wall as for a depth of 4 feet greater than the proposed 
high water level will give. 

It should be borne in mind that, as a reservoir should always have over- 
falls strictly calculated to pase off water of a certain maximum depth on 
their crests, it is this highest surface, and not the crest level of the high- 
est overfall that is to be assumed as the primary high-water level, and to 
this, then, is to be added 4 feet for the effect of wayes. 


é 


CurRENTS. 


It is not proposed here to consider the case of retaining walls acting - 
as overfalls. These, as requiring the particular condition of plumb, or 
nearly plumb, backs, to avoid wear at their feet, involve special considera~ 
tions, which will be the subject of a future investigation, 

But such currents as may be wither the reflex of a main current to- 
wards an overfall, or the effects of a main current on the immediate flanks 
of an overfall will be here considered. 

The maximum observed effect in tbs. pressure of the normal impact 
of water having velocity », on a square foot of surface, is 4 times the 
hydrostatic pressure of a column of that base, and having the height due 
to the velocity v. Consequently, if v be the velocity of the current, the 
maximum additional pressure of impact on the a may be nee to’ be 
produced by an increment i zh head of | oo ' 


™ 


v 
4 = or Bay a in: feet. 
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The effect, then, of a reflex current may be considered so small as to 
be practically not worth considering, and that of a direct current on the 
flanks of an overfall may be taken as some fraction unknown of the 
surface velocity over the fall. This is a function of the maximum depth 
on crest. Calling this depth 4, we may say-that the maximum velocity 
is «/2 gh, and we shall have 

Va n/2 gh 
in which a is some fraction, which can only be settled by experiment. But 
when we consider the case of a high overfall, it is very evident that the 
mean velocity of what must be, after all, an induced current or eddy, 
counted distributively over the whole back of the wall, must be an 
-extremely minute fraction of the velocity of the escaping body of water. 
Now in an ordinary overfall of 2 feet on the sill, the velocity may be 
taken at 10 feet per second, and if we take v at one-fourth of this, we 
shall undoubtedly be far above me mark. In such case we should have 
= 24, or let us say 8, and = ig == abont 6 inches. 


* thén, we add on a foot to aa working head, we shall have made safe 
provision for currents. 

In fine, we arrive at a gross correctional addition to the head, which I 
have estimated at 5 feet, but which any one may fix at x,, according to his 
particular judgment, guided by these principles, and this correction is to 
be applied as follows :— 


[\* 
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An indefinitely deep 
profile ABO having been 
" projected according to the 
=. principles which have been 
laid down, set offa height 
AD = 2,, and then 
terminate the profile bya 
horizontal line which will 
be considered the high 
water level of the work. 
ig On this should be erected, 
the wash-wall, and. if the space be small for this and the gangway 
it may be economically. provided by corbelling the back as per accom- 


panying sketch. 
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"Now it will be evident from all that has been shown, that the ptincipal 
destructive stresses would come upon 
the back of the wall. Accordingly 
‘it would seem: that: by making the 
compression rib of the best work, 
== and connecting it at horizontal and 
vertical intervals, by bond courses. 
with similar work on the face de- 
signed to resist percolation, and by 
making arrangements for thorough — 
drainage of the interior, we might 
use material of the very has cae character for the filling. In fact, it will 
FS be evident that such a wall is here 
assimilated toa cantilever or gir- 
der, which in effect it is, and the 
disposition of the sounder mater- 
ial entirely corresponds to that of 
flanges and web of a girder, and 
does the same duties. It wonld, 
in fact, be a good measure, were it 
not for the expense, to bond the ° 
facework vertically with hoop iron, 
as it would positively be in tension in the case of any tendency to failure. 
However this investigation is not intended to go beyond the establish- 
ment of a normal profile, which profile will be departed from, added to, 
and worked up in design, subject to the various conditions of work and 
the practical insight and discretion of the Engineer. 











| Appzypun. | | 

“ Yo ensure simplicity in results, the preliminary calculation of the half 
rib area for correction of the crushing force is vagal rough, but it is 

approxmate. : . 
It ‘has, however, been sheared that it constituted a dodbtfal feature 
_in the investigation that the weight of the half rib had been estimated on 
# breadth assumed, or rather deduced from conditions which were im- 
perfect in not having embraced thig weight. The following calculation . 
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has, therefore, been madé in revision of the former one, and, while it will 
be seen from the example given, that the difference of results justifies, 
by its minuteness, the method originally followed, it will yet be advia- 
able to adopt this corrected value of p on account of its greater sim- 
plicity.. 

Let p be the half breadth sought. Then the crushing force due to 
the weight of the parabolic spandril assumed will be p — =e 


Adding this to the crushing stress R, found in ee (4), the 
corrected gross crushing stress will be 


_ 2 4. 22 2(5n*— Bn + 9) 
P— “3 2 n+ 2n+9 


and since the me crushing strain per square inch is p,.the breadth of — 


the rib will be a x crushing stress, and since p = half of this 
breadth 


1 — a 7 2 (5n* 82 + 9) 
P= Sap — eee fp et) 
which reduces to the following (making w = 62°5 and se =n 


= Bat Fon — 6m + 9) 
P= "2 (15 824 p — na) non +49 





This should supersede the value of p given in equation (7). 
To show how trifling is the difference in any case, let us take height 
(~) =: 50 feet, n= 2, p=100. ~ 
Equation (7) gives p =% 602. ae 
Revised equation gives, p eee 2622, or about a quarter of an inch 
difference. } 


BE. L. A. 
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ESSAY ON THE GEOLOGY OF KUNKUR. 
[Vide Plates Nos. LIV. and LV.] 


By A. Nigtty, Esq., Assistant Engineer, S.W.D. , B.D.C. 


Tux origin of the mineral called kunkur, which is spread as a sub- 
alluvium stratum over such a large proportion of India, has not yet, as far 
as I am aware, been thoroughly investigated. 

David Page in his hand-book of geological terms, merely states that 
it seems to correspond in point of time to the boulder drift formation, 
and adds to this information a general description of it by Ansted. 

The Roorkee Treatise seems to call it calcareous tufa when it is found 
in solid layers, and in the undulated districts ; and kunkur when the well 
known vesicular nodule of. the plains is meant, It appears to be, the Trea- 
tise says, a species of subsoil tufa formed by the deposition of calcareous 
matter extracted by the surface waters in minute portions from the beds 
of sand and clay, and re-deposited in a concentrated and irregular form. 

I cannot help remarking that after reading this . definition, the mind 
does not feel satisfied that a geological problem has been satisfactorily 
solved, and must inquire if the causes of. origin attributed to this calcareous 
tufa, correspond with those generally acknowledged by geologists. If 
therefore I return to David Page, I find that calcareous tufa is a porous or 
vesicular carbonate of lime, generally deposited near the sources, and along 
the courses of calcareous springs, incrusting and binding together the 
objects that lie in the way. Occasionally when ‘such springs discharge 
thomselves into lakes and seas, beds of considerable thickness are formed, 
producing a light calcareous rock like the Travertine of Italy. When 
slowly formed in the open air, compact incrustations are the usual result.. 
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The sian extracts from David Page, and the study of the admirable 
descriptions ef the glacial period, and of the deposits of calcareous strata, 
to be found in Sir Charles Lyell’s elements of Geology, induce me to 
offer s solution of the problem of the origin of kunkur. 

It is, that during the glacial period and after it; 

When the boulder drift formation was taking place, and after its termi- 
nation ; $ 

When India was slowly upheaved by volcanic action out of the deep sea. 

‘Innumerable hot springs, like those of Iceland, covered many points 
of the Indian soil with calcareous matter, which according to the circum- 
stances in which it found itself when solidifying, took various forms, and 
petrified various beds of minerals lying in its way. | 

In support of the above hypothesis, which I humbly submit to the 
judgment of geologists, I will describe as well as it is in my power, an 
excellent ground for geological researches situated in the Goordaspore 
District, between ‘Dinanagar, Madhopore, Pathankot and the Beas (vide 
Plate LIV). This ground offers a rich field of observation, as it contains 
large deposits of boulder drift, conglomerate calcareous sandstone, calcare- 
ous sand nodules, travertine or kunkur in many varieties of form and of 
purity as a carbonate of lime, and in some rare elevated spots, calcareous 
maris, on the surface of which the formation of round and flat nodules, of 
kunkur is even now proceeding. 

I shall avoid in this description classifying any of the formations that 
I have examined, leaving this classification to men of greater experience. 
I shall confine myself to stating facts that every body can see and to 
drawing from them inferences almost self-evident. 

If I draw a vertical plan through Madhopore and the Dhangoo cut, I 
obtain a section of the country which gives me an idea of the formations 
on which rests the alluvial deposits, and of the way the work of deposi- 
tion was performed (see Plate LY.) © 

‘Tf I start from.the Madhopore side, the lowest layer that I can observe 
is the calcareous conglomerate, the cementing or “ the grouting ” material 
of which is visible on many of the pebbles which compose it. Under 
this lie, I presume, the same strata of shales and clays that are to be 
found in the Dhangoo cut, and the calcareous sandstone which is found on 
the other side of the valley of the Ravee. Over the conglomerates appear | 
the boulder drift, cemented with alluvium clay. As the line of the high 
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shore of Madhopore is continued on.the other side of the river, it can be 
_ presumed that the deep ravine which leaves: perpendicular cliffs of boulder 
drift, 60 feet high, on the south eastern side was once filled by drift 
through which the Ravee has cut its present bed, 

: Now if I leave Madhopore to travel in the direction of Pathdnkot, 
I go up fora small distance towards what must have been an ‘ancient 
shore of the Ravee. After passing it, I go along a ground insensibly 
sloping downwards, until after passing the torrents, and the town of 
Pathénkot, I go up by & cone slope to the Choki torrent, and the 
Dhangoo hills. 

Formerly the Choki running ae the summit of the watershed of the 
country, divided its waters in two principal branches, one of which ran to 
the valley of the Beas and the other to the valley of the Ravee; but when 
the Baree Doab canal was made, the Ravee branch of the Choki was 
found so dangerous, that it was deemed necessary to divert the whole 
of its water towards the Beas. This was done by making a cut 200 feet 
deep through the Dhangoo hill. This cut gives to the geologist an in- 
sight in the formations which lie under the boulder drift. 

As far as I could judge without instruments, the dip of the different 
layers is about 80°, and directed to the N. E. On the northern side the 
hill is very steep, and the slope cuts the strata at an angle of about 60°; 
the slope of the southern side is long and easy. The layers are mostly 
composed of hard conglomerates alternating with loose sand and shingle, 
shales of various colors, loam and brown clay, and- are covered on the 
southern side by layers of boulders, loam, shingle, and a last layer of 
alluvium clay. Now if I ascend to the summit of the hill and look to- 
wards the west, I find that the watershed, which somehow has lost its 
hilly character, turns round towards the 8. 8. W. until it meets the high 
grounds or promontory of Bhimpore, and takes the character of a plateau 
descending rapidly towards the green valley of the Beas, and gently sloping 
in the direction of the rich plains watered by the canal, and by the Ravee. 

Then if I turn towards the N. E., I see on all sides nothing but hille 
and lofty peaks, and can fancy myself in the middle of a magnificent bay 
which once contained the estuaries of two great rivers and of numerous / 
torrents. 

If after having thus discovered the general features of the miei : 
country, I carry my thoughts backwards to the glacial ‘period, I find that 
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volcanic action was upheaving the hill on which I stand, that currenta 
from the west were pushing against the hills, just formed, huge icebergs 
whose grinding action took away their greater portion, formed the long gap 
between Dhangoo and Bhimpore, and filled the valleys with their erratics 
and boulders. 

Following now with the rapidity of thought, the slow upward motion 
which has lifted up the upper surface of the boulder drift nearly 1200 feet 
above the level of the sea, I see clearly that when the waves were receding, 
the waters of the Ravee, of the torrents and of the Beas began to cut their 
present beds through the boulder formation, and their floods were covering 
with alluvium, not only the boulder drift, but also the beds of ealcareous 
tufa, just issued from the mineral springs. Then the high grounds of 
Bhimpore acting as a promontory, threw the waters of those floods to- 
wards the parent stream. I must now descend from the height overhanging 
the Dhangoo cut, and visit in detail the grounds that I have just. examin- 
ed from a general point of view. One of the first things that I find is, 
that Hindoos have collected at thé feet of their sacred Peepul trees, 
all the smaller available stones polished and grooved by the action of the 
icebergs. Of course I dare not take away these ex-votos of a new kind, 
afraid to hurt the superstitious feelings of their owners, and I am obliged 
to leave my collection without specimens of a most curious form. 

The object of my next visit is the undulating ground on the N. E. of 
Pathdnkot, from which kunkur has been lately excavated. Thore I find 
horizontal strata of vesicular calcareous tufa about one foot in thickness 
and at depths varying from 6 to 8 feet. The vesicles are well filled with 
the clay which lies under and over the travertine,.and the upper layer of 
alluvium contains many little bits of the same mineral. Besides this layer 
of calcareous tufa, I find in many fields a surface kunkur generally cylin- 
drical, and formed evidently round a nucleus. I shall have occasion to, 
speak again of this surface kunkur. " 

If I leave the fields on the eastern side of Pathankot under which lie, 
IT presume, extensive strata of calcareous tufa, and visit both sides of the 
promontory of Bhimpore and the various cliffs left by the receding waters 
of the rivers which ran now 120 feet below the promontory, and six miles 
from it, I find on the western side, and in almost every cut formed by the 
action of rain, water along the slopes, extensive layers of flat kunkur lying 
horizontally in mtarl, and the slopes of those cuts covered with little bits 
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of konkur, left by the rain water carrying away the alluvium in which they 
‘were buried. These beds of flat kunkur are sometimes interrupted by « 
layer of calcareous sandstone, about 9 imches thick. If I pass to the 
eastern side of the promontory, and visit also :all the natural drainage 
cuts, I fall on a still greater variety of caleareous deposits. 

First of all at Mumeal, over a bed of fine river sand, are layers of cal- 
careous sandstone, of the most contorted and curious shape; over this are 
beds of loam full of calcareous sand nodules, which look as if they had 
been formed round nuclei, and some of them assume the shape of sea 
shells. Whether they are petrified shells or not, I leave to more learned 
men to settle. These beds are sometimes interrupted by thin bands of 
calcareous flat nodule. 

Further on near Choohan, I met with a small elevated spot, where the 
ploughs have not yet cut away the ancient marly soil. There I find again 
the same surface kunkur of Pathénkot, but here it is in its original state, 
rising vertically out of the ground, and surrounding the petrified stems of 
the jungly plants which grows on those grounds. Here also I find some 
flat kunkur, whose recent formation somewhat agrees with the description 
of kunkur found in the Roorkee Treatise, and alluded to before. Here 
the flat and round kunkur are evidently formed by rain water, Jaden 
with calcareous matter, dissolved from the marly soil, which lies in the 
centre of this kunkur nursery. The way the flat kunkur is formed is most 
curious; the calcareous matter meets scales made in the ground by the 
heat of the sun, and slowly converts them in flat nodules. If it is unques- 
tionable, however, that these species of kunkur are formed by the agency 
of rain water, the first cause of origin is, I think, the mineral springs 
which originally saturated the marl with carbonate of lime. 

Whatever may be the first cause of an excess of lime in the soil, it is 
certain that running water gave its form to the flat kunkur, as I saw 
further on, on my way southwards, and half way between Rusoolpore and 
the canal, the denuded horizontal surface of one of these beds formed 
many centuries ago, and I could see that the spaces between the nodules 
were well defined, continuous, threads mene which the tiqnid calcareous 
matter must have flown. © 

Going again towards the south as far as Lahyi, and on the canal side 
of the villages called Nya Pind, Kalipore, &o., I find.at. various. depths 
extensive atrata of calcareous tufa in the vesicular form,. the upper layer, 
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being the most rich in carbonate of lime, and the lower layer being - 
frequently a gritty nodule, the form of which somewhat resembles a 
petrified sponge. 

I must here bring to its conclusion this small essay, , which Iam con- 
scious does not do enough to prove that kunkur was formed directly and 
indirectly by the action of mineral springs, but I shall feel satisfied with 
the result of my labor, if this little work induces exporienced geologists 
to weigh the value.of the hypothesis, and helps them in finding the real 
cause of origin of kunkur. 

Could not aleo the hypothesis of mineral springs laden at first with 
carbonate of lime, and at their last stage with sulphate or carbonate of 
soda, as some of the springs now in activity in the lower range of 
hills, explain satisfactorily the presence of Reh in somo of the soils 
overlying kunkur. 

Whatever may be the worth of the above hypothesis, I hope that this 
short essay will be found interesting and useful by the Membersof the Engi- 
neering profession, who have the greatest interest in a thorough koow- 
ledge of the kunkurs, our only sources of natural cements. 

A. N. 
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MANUFACTURE OF CEMENT IN INDIA. 
[Vide Plates Nos. LVI. and LVIL] 


Notes on the Proposed Manufacture of Hydraulic Cements tn India. 
By Lrevr.-Conr. H. A. Brownitow, R.E., Chief Engineer of 
Irrigation, N. W. Provinces; and P. Desoux, Esq., Executive 
Engineer of Cement Experiments, Calcutta. 


[Norz sy Eprror.—A most interesting report by Lieut.-Col. H. A. 
Brownlow, R.E., on the means of manufacturing artificial hydraulic ce- 
ments in the N. W. Provinces of India, was submitted to the Government 
of India, in August 1870, and was republished as Paper No. CCXCIYV., 
in the First Series of Professional Papers, Vol. VII. 

Extracts from that Report have been incorporated in the new Edition 
of the 1st Volume of the Roorkee Treatise of Civil Engineering, which is 
now being published at the Thomason College; and in order to render 
this article complete in itself, and to elucidate the further notes on the 
subject now published in it, the extracts above alluded to are now repro- 
duced, and will serve as a preface to the new “ Notes.’’] 


The following rules for the manufacture of Hydraulic Cements in India 
are those recommended by Colonel H. A. Brownlow, R.E.,-Chief Engi- 
neer for Irrigation in the N. W. P. 

The pure rich lime of the lower Himalayan ranges would be the best substitute for 


chalk, . Practically, it is chalk with the carbonic acid driven off, and by its use we 
should save much wear and tear in grinding and mixing it with the clay, The hard- 
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et lime-stones would require stone-crushers and extremely hard mill-stones to pulve. 
rise them. 

The clay should, if possible, contain oxides of iron, in any proportion up to 15 
per cent. ; but if this cannot be secured, any compact greasy clay free from sand, will 
answer our purpose, although, perhaps, not quite so well as the other. ~ The*propor- 
tion of pure lime added can always be modified according to the chemicaljcomposition 
of the clay used. 

The lime and the clay which it is proposed to mix, must be first thoroughly dried 
in the sun, but the clay should be used as fresh as possible, and any exposure of 
it to sun and air, further than that absolutely necessary to dry it, should be care» 
fully avoided. 

The material must then be separately pounded, either by hand or any simple 
machine, into pieces not larger than a pea, and the pounded materials should be 
screened so as to ensure the exclusion of coarse lumps, 

The pounded materials should then be passed in certain definite proportions through 
a hopper between a pair of ordinary flour mill-stones adjusted so as to grind them 
as fine as flour. It will save much wear and tear, and do the work more thoroughly, 
if the materials are passed through two pair of stones in succession, the first pair 
adjusted to grind more coarsely than the second. 

The exact proportions of lime and clay to be employed will depend upon the 
chemical constituents of the materials used, and must be fixed on the spot. General- 
ly speaking, there should not be less than 40, or more than 60 per cent. by weight of 
pure lime, and from 60 to 40 per cent. of clay. Having been fixed, the proportions 
must be most carefully adhered to, as any carelessnesss in this matter will of course 
vitiate all future operations. 


The pulverised material should then be mixed in a cylindrical vat with a graduated 
scale on its side, in the proportion of thirty volumes of powder to ten of bviling 
water, in which has been mixed {th volume of calcined soda and 4 fb. of freshly, 
burned and slaked lime. 

From the vat, remove the 
mixture to a basin in whicha 
couple of mill-stones should 
ee ae be made to revolve on theix 

| edges round a vertical shaft, 


as in the case of a steam 
mortar mill, The basin 


— should be only just large 
Uy | £ 


enough for the stones to re- 
Uy Mente g yf : So. ; 





volve in, should be carefully 
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Sab rare a Pee or masonry 8 inches to 12 
inches high, The stones should be fixed at slightly unequal distances from the vertical 
shaft, so as not to ran exactly in each other’s tracks, and at the outset I should think 
it would amply suffice to move them by animal power as shown in sketch. They 
could afterwards be easily connected with the water wheel that drives the mills. 
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_ irom the edge runners, the mixture should be taken to a pug-mill, and when 
‘ thoroughly pugged, (being passed through the pag-mill 2 or 8 times if necessary,) 
should be cut off in small bricks or lumps, not exceeding 2 or 24 inches in thickness, 
as it comes out of a shoot fixed at bottom of mill, ; 

It may not be amiss to remark here that, too much pains cannot be bestowed on the 
thorongh incorporation of the raw materials, and in keeping them clean and free 
from sand and foreign ingredients during the process, As far as any chemical action 
is concerned, the clay remains almost inert after the mixture has attained a dull red 
heat, so that it is most important to bring it into the closest contact with the lime, 
before the burning commences. The presence of sand tends to produce vitrifaction 
during burning, and is most prejudicial to the cement; clay containing more than 
ty of ‘sand should be rejected. 

M. Lipowits objects to drying in the air, and quotes two examples where doing 
so was found to be most injurious to the cement, Bnt the English manufacturers 
expose their raw cement freely to the air in the reservoirs, where it sometimes lies 
for a couple of months before it is burned ; and in one factory, I saw it being wheel- 
ed direct from the drying reservoirs to the kilns. So that, until exporience shows us 
in India that kiln-dried, is stronger than sun-dried, cement ; I should recommend 
stacking the blocks of raw cement, as removed from the pug-mill, in drying hacks 
like bricks. 

When thoroughly dry, the blocks of raw cement should be burned, either in clamps 
with dried cow-dung, or in a good lime kiln with thoroughly dry wood, or with 
charcoal, as experience on the spot may show to be most advantageous. ‘The proper 
degree of exposure to heat should be ascertained .and carefully adhered to. The 
higher the hoat to which it is exposed the greater the density of the cement, the 
greater also its strength and its ultimate degree of induration; while the lighter 
cements have the property af setting more rapidly. 

The burnt cement should then be pounded until it can pass through a screen with 
meshes the size of a pea, and finally be ground as fine as flour, 
80 that it can pass throngh a No, 60 gange sieve (3600 
meshes fo a square inch). It should then be allowed to cool 
thoroughly on a dry floor before packing. 

The cheapest packing for India would be in bags or sacks, 
These would not have any sea voyage to undergo, and the 
cement would, in all probability, be used tolerably fresh. 
Where it had to be sent long distances, emall barrels could 
doubtless be purchased at advantageous rates from the near- 
est commissariat dep6t. 

A number of samples should be made up of cementa form- 
ed according to these directions. The samples, when burnt, 
should be finely pulverised, and, when-cool, should be mould- 
ed into bricks of the form shown by ‘the shaded portion of 

- marginal diagram. There should be at’ least a dozett bricks 
-, Mhiokess of brink = 1) inches. of each sample, and they should be allowed to set under still 
‘water for seven days after they have been taken out of the moulds. The lower of 
the two ion clips shown in the diagram should then be loaded until the bricks ere torn 
ia two, and if any of the samples prove themselves capable of supporting én average 
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weight of 225 to 250 Ibs. on the area 14 inch square (or 24 square inches), I think 
we may safely adventure upon the manufacture. I have been particular in givin 
dimensions of the sample brick, as I wish to adhere as exactly as possible to the form 
of test generally ased in England. It would be instructive and interesting to make 
up and treat in the same way bricks of the best “ kunkur’” lime. 

Tho samples mentioned above should be carefully made up in the manner laid 
down, accurately labelled, and tested. Tho atrongest composition having been thus 
ascertained, steady and persevering efforts at economical production must be 
made. I am most strongly conviuced of the good policy of beginning in the simplest 
manner, consistent with economy and efficiency. Mistakes can then be easily and in- 
expensively rectified. The site of the factory should, from the very first: be laid 
out with an eye to expansion of business, and economical working on a large scale. 
There should be no carrying backwards and forwards, the general arrangement of the 
works being somewhat as indicated below. 







Yard for Stacking. 
dying pounding. & 
ning Tas 
pak 








In covichision, I mutt add a few words on the manipulation of the manufactured 
cement, which are, I think, necessary, as it has not been hitherto extensively used in 
India, and the best cement. niay be utterly ruined by careless handling on the works, 

i the first place, only just so much of it as is required for immediate use should be 


made “up at any one time, as when once 4 has commenced to harden, it cannot be 
workad wh agatdlike.a mortar containing rich lime, In mixing it with sand or 
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“gravel, the ingredients should be well miwed together in a dry state, before any water 

is added. In adding the water, only pour in enough to make a stiff paste, as flooding 
the cement is most prejudicial to it, The sand used should be clean and sharp, and 
when cement is used in brick-work, the bricks must be thoroughly saturated in water 
before use, otherwise they will absorb the moisture necessary for the proper setting 
of the cement. When used under water, cement must until it has set, be protected 
from any current. 


Portland cement of the very first qualities can be delivered by the manaufacturers 
free on board vessels in tho Thames at 10s, per cask, containing 400 Ibs. nett of 
cement. The freight to India in vessels sailing round the Cape, and landing charges 
in India, should not exceed 6s, per cask. The Railway charge per cask from 
Calcutta to Delhi would be Rs, 14°66 at 4 pie per maund per mile. Therefore the 
cost of 400 Ibs. nett of first class English-made cement at Delhi would be Rs, 22°66, 
say Rs. 28 to cover losses: 400 lbs. weight at 42 Ibs. per bushel of 1:28 cubic feet 
capacity being equal to 4°56 cubic feet. We may take the cost of a cubic foot of Eng- 
lish cement at Delhi to be Rs. 5-2-0* 

A German analyses gives the following as composition of the Medway clay, which 
is used in manufacture of most of the London cement :— 





Silica, a we oe ‘se os vd"40 
Alumina, oe ee oe ee oo 11°64 

Oxide of iron, ee oe ee oe 14 80 

: Soda and potash, oe oe oe ee 4:00 
Carb. lime and loss, .. ee oe ee 1-11 

100°00 





Dr. Ure says that “all good hydraulic mortars must contain alumina and silica, 
the oxides of iron and manganese at one time considered essential, are rather prejudi- 
cial ingredients.” Vicat is of opinion that the peroxide of iron exerts an injurious 
influence upon hydraulic mortars. M. Lipowitz,a German writer on the subject, whose 


* When it may be necessary to import Portland cement into India, the specification for quality 
should be as follows :— 

“ The whole to be of the very best quality, ground extremely fine, welghing not less than 112 Ibs. 
to the striked bushel, and capable of maintaining a breaking weight of 750 lbs. on an area of 19 inches 
wquare, or 2¢ square inches, 7 days after having been made.in an iron mould, the cement having 
Jpeon immersed in water during the seven days. * It should be packed in fir casks, with staves not 
legs than half on inch thick, cach cask having four iron hoops, and being lined with water-proof 
brown paper. The casks should be of manageable size, and weight, so as to avoid needless knocking 
about in stowing and transit. A larger quantity than 400 Ibs. nett, should not be packed in any one 
cask, and perbaps 300 Ibs. would be a better quantity where cement is ‘intended to go far inland, 
, Btow above highest line of bilge water in ships, as damp affects the cement most injurfously. 
Cement that has become wet through in barrels, and taken a “set,” may be broken iiito lumps, 
reburnt and pulverised again, a sright red heat of one and a balf te two hours duration is quite 
:agificient, to restore the activity of injured cements. J may add that it would be very much bet- 
" ter to get tt from some of the well-known ‘makers (such as Knight, Bevan and Co. J.B. White, 
‘and: Go:, Robins and Co., Hilton Anderson and Co.,) paying & fair ‘prige for it, fhan, to go into the 
ynarket for fhe cheapest article. Inferior cement of uncertain quality ioe be pe worse than the 
hydreuile mortar we already have in India. ° 
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treatise has been translated by Mr. Reid, noes with approval, an opinion “ that this ; 
best clays for cements are those which contain iron up to 10 or 15 per cent, tn ‘the:! 
form of iron oxydule.” General Gillmore says that the clays most suitable for com 
bination with common slaked lime for preparation of artificial cement, contain, 
830 to 50 per cent. of alumina, and 4 to & per cent. of carbonate of lime. Ho considers | 
that the oxides of iron do not confer hydraulic activity, whatever may be their action . 
at subsequent stages of the induration. If we wish to produce a compound silicate 
of alumina and lime, which is, according to some, all that is necessary, we must have 
the following proportions :— ' 


Per cent. 
Lime 2 chemical equivalents == 57 » 2 == 1140 2838 
Silica 2° ,, Pe = 98 x 2 =1860 462 645. 
Alumina 1 ” = = 1028 255 S855 . 
402'8 1000 1000 


The best analyses of Portland cement give— 


Lime 60 per cent, 
filica 28t020 =, 


Alumina 7t010~ , 
Oxide of iron Bto 1, 
’ Alkalies, carb. acid and water, B to 9 per cent, 


15 ‘per cent of the oxides of iron in the raw clay would give abont 4 per cent. in the 
burnt cement, I think, therefore, that the clay should, if possible, contain oxides of 
iron in any proportion np to 15 per cent.; but that if this cannot be secured, any 
compact greasy clay free from sand will answer our purpose, although, perhaps, 
not quite so well as the other. The proportion of pure lime added, can anes be 
modified according to the chemical composition of the clay used. 


| Remarks on Lieut.-Col. H. A. Brownlow's Report by P. Dejoux, Heq. 


The rates estimated by Lieut.-Col. Brownlow for cement delivered in 
Delhi are very correct, but it will not do to calculate on more than 4 cubis 
feet of cement in pretty good order in a cask, as the remainder will be 
found spoilt during the shipping, or during transit from Oalcutta to Delhi. 

I have myself received in Calcutta nearly 10,000 casks of cement, and | 
from experience - I always found an average of 4 cubic feet of cement i in 
good orden per esak. 

Accordingly: te ate of Portland cement at Delhi should be 5: 86, 
instead of 62. 

5 do not ita agi swith Lieut.-Col. pombe as ants the advan- 

‘one in Indie of using clay and pure elaked lime instead of clay snd. chalk. 

Ww Withont milters the ingrease in the cost-on aocount of the double burn- 
VO, LePSROOND. SERIES. | 
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ii, I think the burning is always more diffienlt in one case than in the 
_ other, and the tenacity of the cement is never so good. 

If a prejudicial action takes place on account of the Oxyde of Iron, I 
would advise the use of clay either entirely free from, or containing a 
small portion of it. 

Many cement stones in France yielding cements nearly as good as Port- 
tand cement contain little or no Oxyde of Iron. 

In the case of Portland cement sent from such a distance as England 
io Delhi, the cement will always lose a certain amount of its strength. 

My experience authorizes me to say that it loses in ordinary circum- 

stances }th of its strength, and if left in godowns for six months, it will 
loose at least 4rd of its original strength. 
It should be borne in mind that the cement casks are always placed at 
‘the bottom of the ships, and exposed to the moisture and dampness there- 
in, that the unloading in Calcutta is, and will always be done in a more or 
less careless manner, and that the great heat of this country affects the 
quality of the tement to a certain extent. 

Considering the question of the loss of strength in the cement imported 
from England, miy opinion is that it is possible, if great care is taken in 
the manufacture, to make in India cements, artificial or natural, which will 
be about the same kind, and the same quality as some of the French ce- 
ments, which, excepting the Boulogne cement, possess from ith to ith of 
less tenacity than the English Portland cement of good quality, Such 
being the case, the cement which will be manufactured in India may be 
‘as good as that received from England; but of course at the same time 
4th inferior (for the reason above adduced) to the cement of fresh quality 
used at home, 

The rotigh calculations I have inade about the probable cost of cement 
manufactured in India show that it will vary from Re. 1 to Rs. 1-4 per 
oubic foot in the case of artificial coment, and from 9 to 14 annas in that of 
natural cement. 

In the Bengal ghooting or kunkur stones, I have 0 analysed, I found a 
proportioti of clay varying from 26 to 84 per 100. 

This result impressed me with the idea of trying the ‘possibility of 
“ttanufseturing either Roman or Portland cement with such stones, in 
pulverizing those which were not too hard and making bricks, Sey or ra) 
‘extrs burning, in their natural state, these which are homogencous, 
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I may now safely say that as regards preliminaty éxperiments, I have’ 
already succeeded in obtaining slow and quick setting cements, although | 
I am proceeding with further experiments on that score. 

I quite agree with Lieut.-Col. Brownlow as regards his proposal to 
aim first at the utmost mimiphesty of machinery and plant necessary for 
the manufacture. . 

I am of opinion that the best kind of fuel for burning Portland cement 
is coke, and will place charcoal in second order. 

But coal also may answer, as I have seen it used in France. 

As I am, however, about to try to burn cement with coal, I will be able 
in a short time to afford a more decided opinion on the subject. 

I do not quite agree with Lieut.-Col. Brownlow as regards his opinion 
of using for the mixture of materials the dry and German system, instead 
of the wet English. 

It may be said that principally when using pure slaked lime and clay, 
the German system is superior to a certain extent, but it is also more 
expensive. 

Mr. Reid in his treatise about cement says, that the two principal incon- 
veniences arising from the English system are :— 

1st.—That a much larger area is necessary in the English system than 
in the German one, and consequently in a country where the value of the 
land is always high, it increases to a great extent the amount of the capi | 
tal invested in the manufacture of cement. 

2nd.—That it requires about two months for the materials in the vats 
to dry, before being moulded into bricks. 

As regards the 1st point, there is at present in India hardly any diffi- 
culty in the acquisition of land under the provisions of Act X. of 1870. 

Referring to the 2nd point, I should say that in a country so hot as 
India, the evaporation being much more rapid, it is to be expected that 
the time necessary for drying will be comparatively much leas. 

I think the proportion of materials used.in the manufacture of artifici- 
cial Portland Cement will vary as follows :— 

let.—For artificial cement ‘made of a mixture of chalk and clay. | 

| From F shalk and : of clay (in measure). 


To: : 
2nd-—Ts the case of aitindil saen ‘made of pare slaked lime and clay. | 
. ¥rom 5 Line and 2 of clay (in measure). 

Po 5 lime and 8 of clay. 


“et . = 0 r ; : 
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beds. a »  Biggeatio about sanufucture of Portland Oement: 

3 a * Hxcept the reniarks I have already made, I quite agtee with Lieut. 
‘Col. Brownlow an all other pointe. I would however advise, as regards 
‘thie ‘details of manufacture, to follow the treatise of Mr. Reid on cements. 
(2), ° Kilns.—As regards kilns for a small factory, I would.advise their 
ednstraction according to the sketch of Mr. Reid’s book, bat’making them 
grd smaller, and increasing the héight ‘of the tapering dome by three feet. 

(3). Eaperiments.—I would advise the construction at once of a small 
kiln, for the trial of samples of different kinds of lime and clay in various 
proportions ; the balls for samples may be made of clay and chalk, or lime 
reduced in impalpable powder, and mixed in water in atub: the water is 
on the following day to be removed by decantation, and the substance is 
‘ then to ba exposed té the sun until the evaporation reduces it into a plastic 

paste, with this’balls may be made about two inches in diameter, aud dried 
well; these balls may then be burnt, and when reduced to- powder, a stiff 
mortar made with the cement thus obtained, which cai be tested under 
+ ater by means of the Aiguille of Vicat. Some cakes or balls niade with 
this mortar may be left exposed to the air. 

“ (4). Natural cement.—In Franee the Engineers. hav been using for 
several years cement proceeding from the burning, in the same | way as for 
rordand cement, of marly clays of different kinds. - . 

” “Phave already found from the hills of Margohi and Rohtas, near Dehree 
‘in the Soane circle, two kinds of clay, which (mixed together in certain 
‘proportions and at times with a feeble addition of pure clay) will yield 
Portland’ and Roman Cement. | | 
“Every sort of clay giving a Pesan si cecuanese with hydrochloric acid, 
may be considered as marly clay, and ac 8 be aoa a in bass manu- 
fstie of cements. 
* The analysis of different sorte of clay, give the following adie foe 
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(5). Cement of Boulogne.—The best marly clay ased in France ig { 
found in Boulogne, with which Messrs. Demarle end Co,, ee bat 
cement in high demand in France. | on 


[have been using it in large quantities for three years in the 
ture of artificial stone (Coignet’s system), and found it even tbe mae 
then the Portland cement of Messrs. White Brothers, which is consi- | 
dered.as one of the best sort in England, | 

The Boulogne marly clay contains from 19 to 25 per 100 of clay. 

Every sort of clay containing more than 1th per 100 of sand is to be 
rejected. 

To be certain of a good homogeneity the clay is pulverized and mixed 
with water in vats, the water is then removed by decantation, and the 
clay being thus by evaporation in a sufficiently stiff state to he moulded, 
balis are made of it and burnt in a kiln up to a white heat. 

The white heat is necessary for the spreading of the bad parts, ‘which 
are picked, and rejected carefully after the burning. 

The.cement is afterwards ground in fine powder, and sifted through « a 
sieve of 60 meshes to 1 inch. 

(6). Cement in the neighbourhood of Paris.—Sometimes clays may be 
found homogeneons enongh to enable their being burnt without the 
process of either pulverization or washing. The clay found near Parig 
contains about the same proportion of Silica and Alumina as that-of 
‘Boulogne. Such descriptions of marly clay are found (in beds) close to. 
the beds of Gypaum (or Sulphate of Lime); great care must however be 
observed.in selecting them to avoii the mixture of Gypsum with them. 
These may be burat in their natural state, and treated after the same 

"manner as the cement of Boulogne. . 

The best factories are those of Messrs. Barbier and Co. at Paris, Chronne, 
and Argenteuil, Masers. Slacker and Letellier at the Butts Chanmont, 
the Moulineaux and the Rainey. 

I used these cements, particularly the first sort, for the building of : 
several miles of sewer in Paris, and found it not much inferior to the 
English Portland. 

_ &. Marty Sack feel almost sure that on clays of about the 
same “contiposition a8 those of Boulogne or Paris may be found in the, 
_ proximity of niany lime quarries igw existing in Indie, and I opine there- 
‘fore that « carafal search will enable the discovery of materials well adapt" 
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ed’ for the manufacture of Seer Prone a cement less expensive 
than artificial cements. 

(8). Bulk of each material required for Sree r eas e regards the 
quantity of materials which will be required for experiments, I think for the 
nianufacture of artificial cement three cubic feet of lime stone, and two of 
clay of each sort may be sent, and if stones or marly clay, sapposed to 
be natural cement stones, are found in the Sewalik Range, a cubic foot of 
each kind will do for the present. | 

Norn.—ZJnstructions for the use of the Aiguille of Ficat® for testing hy- 
draulic lime.—Take a small quantity of lime newly slaked, and free from 
impurities of every kind; make of it a paste about the stiffness of damp 
clay. Put this in a tumbler to the thickness of onc inch, then add water 
slowly to two-thirds of the tumbler. 

The lime is said to be set when it can support, without sensible depres- 
sion, the weight of the Aignille of Vicat. 

1st.—Limes feebly hydraulic (containing 18 per cent. of clay). These 
set after 15 or 20 days of immersion, and get harder“gradually by slow 
degrees, principally after the 6th and 8th months. After one year their 
hardness can be compared to dry soap; they are after that period a little 
soluble in pure water. 

2Qnd-—Ordinary hydraulic limes (containing 20 per cent. of clay). 
These set after 6 or 8 days of immersion, and get harder gradually within 
one year, but the greatest part of the hardness is acquired after six+ 
_ months, and then the hardness of the lime ean be compared to soft stone; 
the water has no more action upon it. * 

Limes eminently hydrauiic (containing 30 per cent. of cley). These 
set after 2 to 4 days of immersion; after one month they are hard and 
insoluble in pure water; and after six months they can be compared to 
the absorbent calcareous stones. 

Limes which do not set after 30 days are not hydraulic. ‘ 


® The weight of the Aiguille of Viout is 10§ onnoes (ayoirdupois). 
The extremity of the Aiguille must be a square of .1,th of an inch. 
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Note by Lieut.-Col. H.A. Brownlow, R.E.,0n Mr. Dejoux's Remarks. 


Use of pure slaked lime instead of chalk.—I recommended this because 
we havé no chalk in this part of India, and I think burning the limestone 
will be found cheaper than grinding it to an impalpable powder. It is only 
a question of economy, and the cheapest process should be adopted. 

Use of clay, free from oxide of iron—The supposed prejudicial action 
of oxide of iron is, as will be seen from the remarks on this subject in my 
report, more than doubtful, and the actiqn which takes place in the burning 
of Portland cement between the oxide of iron in clay and the chalk, is 
understood to be most beneficial. I alluded to it in explanation of my 
remark that a cement of same tenacity as Portland could not most proba- 
bly be produced in India, where I proposed to use slaked lime instead of 
chalk. So that I do not think clay should be rejected, because it contains 
oxide of iron, so long as the proportion does not exceed 15 per cent, 

Loss of strength in imported Portland cement.—Mr. Dejoux’s experience 
seems to decide the question in favor of manufacture in India. 

Process of manufacture.—-While maintaining my opinions with some 
diffidence against those of Mr. Dejoux, who has a practical knowledge of 
his subject, I would suggest, as a further objection to the adoption of the 
‘‘wet” or English system of mixing the raw ingredients of cement, that 
in these provinces for about four months in the year, the mixture in the 
settling reservoirs would be largely adulterated by sand and organic impuri- - 
ties driven on to it by the wind, and that during the rainy season tho 
evaporation would be even slower than in England. Although more ex- 
pensive there, can, I think, be no doubt of the superiority of the German 
over the English system of manufacture. 

Testing the burnt cement.—Regarding the use of the Aigulle de Vicat 
for this purpose, I would remark, Ist, that it is only a test of rapidity, 
of setting, and gives no idea of cohesive strength of the mortar; 2nd, 
Although remarkable quickness of setting is not necessarily accompanied 
by inferior hardness and strength, yet is somewhat curious that within 
the range of experiments quoted by General Gillmore, in his treatise on 
limes and hydraulic cements, the quickest setting cements gave ultimately 
the worst, and the slowest setting, the best results; 3rd, That General 
Gillmore gives it ag his decided opinion that the needle test te far less re-. 
Wable than any simple device for trying the cohesive strength of the mortar 
when ten or twelve days old. The test proposed by me in my report is that . 
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vaniversally adopted in England, and lergely on the continent as well, and 
I thérefore strongly maintain its superiority over Monsieur Vicat’s needle. 
The accompanying sketch shows an excellent form of testing machine, 





Scale 8 inches = 8 feet. 


and a better pattern of mould for making up the bricks to be tested than 


< 3” > 





“fiat. shown in my report.. They are both taken. fromMr. Grant's admi 
“able papér on Portland cement we paararia of sae C. z, Vol. Xx¥, 
“Seusion’1865-66), - 
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Paper by P. Dejoux, Esq., on Manufacture of Lime, Mortar and Con- 
crete in Bengal. 

Manufacture of ghooting lime.*—Lime as a rule ought to be sifted 
fine enough to be free of all unburnt or overburnt particles which do not 
slake immediately, but which may slake after a certain time, and conse- 
quently may injure the quality of the mortar. 

As ghooting lime, from want of homogeneity, can never be well burnt, 
a fine sifting of the lime after slaking will largely increase.the cost: of the 
lime. 

In grinding the lime and the unburnt portion, which ought to pass 
through a sieve of 8 meshes to one inch, some of the parts not slaked 
may act as cement, while others will retain inert. 

It may happen that in the case of the presence of Chaua limites} (Argil- 
laceous intermediate limes), some other parts slaked a long time after, and 
falling in powder may disintegrate some portions of the mortar. 

It is, however, very difficult to ascertain the presence of the chauw limites, 
but ‘as far as I can, judge, I do not think there is much probability of 
finding them amongst the generality of ghooting. 

My opinion however, is, that the best and cheapest way to. deal 
with the manufacture of ghooting limestone consists in the following 
plan :— 

1st.—To burn the ghooting limestone in a kiln, ag per Plate LVI. 
Before burning, the kiln must be, if necessary, carefully plastered, both 
outside and inside, with a mortar composed of four parts of clay and 
one of lime, First a layer of 6 inches of coal is to be put, then 9 inches 
of ghooting, then 8 inches of coal, and then 9 inches of ghooting, &c., 
&c.; the last layer must be of ghooting proceeding from the last burning, 
and which not being perfectly burnt is generally called “refuse ghooting.” 

With some. limestones 2 inches of coal will suffice. I have noticed 
that, owing to kilns being built generally in a careless manner, the loss of 
caloric must be enormous in them. The firing of the kilns may be begun 
when three layers of stone have been put in it. A portion of the open- 
ings may be shut, leaving sufficent room for ventilation according to 


» Bengalli for “ kunkur time,” containing 26 to 84 per cent. of clay. 
4 Ain explanation of tile term will be found in Vicat on Limes and Cements. Chau lieeties axe 
‘sin a on enaning on argh option fay eh ny a 
00 small a proportion to be cemerit stones. 
_ YOL SECOND SERIES. 40 
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the state of the weather. It will be advisable, as a preventive against the 
effect of the stormy winds, when the fire is likely to arrive to the upperr 
mosé Jayer, to have screens of corrugated iron put on the top of the kiln 
in the direction of the prevailing wind. Lime is frequently very badly 
burnt, solely from want of this precaution. When the unloading of the 
kiln is commenced, the iron bars are to be taken out, and then drd of the 
total height of the stone;inside may be discharged, and the kiln reloaded. 
It will be advisable, when the kiln is in full blaze, to refit the bars every 
eight days, and by such means to remove the ash from the ash holes, and 
enliven the fire. 

2nd.—As soon as the lime is burnt, it is to be taken out of the kiln im- 
mediately, and the stone separated from the ashes. The limestone is then 
set against a wall in layers of about 4 inches. On each layer water is to 
be thrown by means of garden watering pots. A heap of about 5 or 6 feet 
high may be made, and the ghooting may be left in this state for about 
four days; the top of the heap should be watered a little on the second 
day. After the expiration of four days, it must be sifted through a sieve 
of 8 meshes to one inch. 

It will be judicious always to put the burnt stone in large and high 
heaps, because by this being done, the heat will be concentrated, and the 
slaking facilitated. As regards tho sifting, I think for large works it will 
be better to use a revolving sifting machine as used in France. 

8rd. The lime will then be pulverized in a soorkee mill separately, or 
mixed with the sand necessary for the mortar. 

Sand mortar.—JI would advise the use always of sand, instead of soorkee, 


* The advisability of this depends entirely upon nature of when sharp clean 


lime. “ Experiments show that a fnortar composed of one sand of middling 
volume of fat lime, and two volumes trass is injured if a por size is obtainable. 
tion of the trass be replaced by sand.” Gillmore, para. 560. Soorkee ought 
to be used only when sand cannot be obtained, and for this reason : 

If the lime is very hydraulic, the soorkee which is very often made 
from bricks im- 
perfectly burnt, 
acts only a8 an. inert body; in such a case sand, which is harder, has 

evidently the advantage over soorkee; sand has also the beigrent — 


i it is generally much cheaper. 
* Notos by Liett.-Col.jH, A. Brownlow, B.B. 


* May even aet prejudicially, vide note on next page. 
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If the lime is not hydraulic enough, and if no other kind of puzzuolana 


* The greatest care is required in mixing soorkee at all with 
hydrauliclime. It is only the excess of pure lime that combines 
advantageously with the soorkee, forming with it silicates and 
aluminates of lime. But the danger of thereby breaking the sct is 
manifest, for while the natural combinations of lime with the 
silica and alumina in the hydraulic limcs immediately commence 
to set, those formed between the free caustic lime and the soor- 
kee, will have to effect a preliminary decomposition of the 
silica and alumina combined in the soorkee and the two 
dissimilar actions, one composing and the other decomposing, 
cannot go on in such close connection with any advantage to 
the mortar. Breaking the set is notoriously most fatal to hy- 
dranlic energy, so that kunkur lime should, never be left in a 
mill to be re-ground after an interval of time. But where pure 
rich lime is mixed with soorkce, long and intimate mixture 
is advantageous, because the silica and alumina must free 
themselves from the combination existing in the soorkee be- 
fore setting can commence, It is also evident that the finor 
the soorkee is powdered the better. 


can be obtained, 
soorkee made 
with first rate 
burnt bricks, and 
reduced to im- 
palpable powder, 
will increase the 
hydraulicity ofthe 
lime,* butasit has 
been said before, 
the soorkee gene- 
rally used is pre- 
pared with bricks 
imperfectly burnt, 
on accountof such 


bricks being more 
brittle, and the powder is always too coarse to act efficiently as a puzzuolana. 

Mortar made with soorkee seems after a short time harder than sand 
mortar, but aftera long time sand mortar, if well made, will be found superior. 
One of the greatest precautions to be taken with sand mortar is to have 
the bricks or stones thoroughly soaked in water; the default of using this 
precaution is the great cause of the apparent inferiority of the sand mortar 
as compared with the soorkee mortar, because the soorkee retains much 
more moisture than the sand. 

Comparatively Zess water ought to be used in the manufacture of sand 
mortar, than that of soorkee mortar, as it ( tle mortar) must be made to 
the consistency of a plastic paste. 

Care must be taken in the sand mortar, especially to prevent too rapid 
drying, because hydraulic lime being an anhydrous silicate of lime, (with 
an excess of lime,) which gets hard by the hydration of the lime, it is evi- 
dent, therefore, that a certain degree of moisture is necessary. But water 
must, however, not be thrown on the mortar before it has commenced to 
set sensibly, for the water might wash away the lime. 

During the time necessary for the setting, the masonry ought to be 
covered either with wet mats, wet straw, or wet sand. 

* Note by Lieut.-Col. H. A. Brownlow, B.E. 
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In the case of ghooting lime, it is only after the fourth day the mortar 
has been used, that watering can be commenced. 

In the case of fat lime, the hardness of the lime is caused by the cry- 
stallization of the calcareous carbonate recomposed ; if the setting is allowed 
to take place too soon, an incomplete crystallization will be attained, to- 
gether with some carbonate in a pulverulent state. 

In a hot climate like that in India, in the case of hydraulic mortars, 
which take a long time to arrive at the maximum of hardness, it is absolute- 
ly necessary to proceed with the watering until the mortar is pretty hard 
both outside and inside. 

Puzzuolana.—There is a kind of puzzuolana which is, I think very 
commonly found in India, in places when laterite exists; it is made of 
red ochre earth. The ochre I received from Orissa has yielded a good 
result, and I have since found ochre of about the same description at 
Midnapore, which promises the same results. 

By using this puzzuolana with mortar in the following proportions :- 

8 Sand, 1 Sand. 
2 Lime, } or) 1 Lime. 
1 Puzzuolana, 1 Puzzuolana. 
the quickness of setting of the mortar will be augmented to a great ex- 
tent; the cost of such a puzzuolana on the spot, as far as I can judge 
now, will be from 4 to 6 annas per cubic foot. 

Concrete.—In the concrete I would advise also the use of sand, instead 
of soorkee. 

To ascertain the quantity of mortar necessary for the making of a good 

* The volume of mortar should, however, concrete, it is necessary to take a 
always be somewhat in excess of this,to water-tight box measuring one cubic 
allow for imperfect mixtare. foot, and fill it first with khoa, bro- 
ken stone, or pebble (which are to be used in the concrete), and then with 
water, The quantity of water is then to be measured, and this will be 
found equal to the quantity of mortar necessary to fill interstices. 

As regards broken bricks or stone in small pieces, the quantity of mor- 
tar required for 100 cubic feet of broken bricks, varies from 46 to 50 oubie 
feet of mortar. 

In the case of pebbles and small round stones, 100 cubic feet of stones 
will require from 87 to 40 cubic feet of mortar. 

* Note by Lient.-Coly H, A. Brownlow, RE. 
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For mixing khoa or stones with mortar, I: strongly advise the use of a 
“¢ Betonniere ” of the kind I have seen used in France, of which I annex a 
drawing (Plate LVIT.) I gave last year to the Executive Engineer, Cossye 
Division, a sketch of such a “‘ Betonniere.” Some were made accordingly 
by him, and have been used with great euccess in his works. 

The mode of using such an apparatus consists only in throwing the 
materials inside by the opening (a), and in taking care to throw alternately 
two baskets of khoa and one of mortar, if the proportions of the concrete 
are 2 to 1, and thus the whole comes out from the machine by the open- 
ing (b) perfectly mixed. | 

With a “ Betonniere” 1,000 cubic feet of concrete can be manufactured 
easily per day. 

The cost of one will be about Rs. 150. 


Coryespondenae. 





To the Editor. 


Srp,—TIt has occurred to me that yon might add a useful feature to the Serios by 
devoting a page or two at the end of each number to a “ Record of Experiments.” | 
Every one in charge of works has to make experiments now and thon to determine 
cither strength of materials, or quantity of labor or materials required to a given 
unit of work. Hundreds of such experiments arc mado every year, but tho results 
are buried in MS. note books and for want of publication aro ultimately lost. If you 
provided space and invited communications, many men could send you bricf notes 
of actual results observed, which are not important cnough to make a regular paper 
upon, but would be most useful, Indeed, it is most difficult to colloct information 
on these points at present, without making actual experiments. As an instance, some 
time ago I searched in vain through no end of books to discover the actual weight of 
grass, as dclivered at the building, (before trimming, &c.,) required for a thatched 
roof : and just now I want to find the proper labor on excavating wells in hard rock, 
and cannot do so. The relative values of coal, charcoal, and wood for burning lime, 
seem to be very little known for want of records of actual experiments: and £0 on 
for many other things, 

All you need do is to ask your subscribers to send you extracts from their note 
books of actual observed results. In time one might get materials for a book of 
co-efficierts of labor and materials for all kinds of work in India. 


AKOLA, BERAR, 
June 21st, 1871. R. G. ELWES. 


The Editor will be glad to publish such “records of experiments,” as 
suggested by Mr. R. G. Elwes, which may eventually be classified and 
tabulated to form a manual of co-efficient of labor and material for India. 


A, M. I 


orrespvonden. 
“IS IRRIGATION NECESSARY IN UPPER INDIA ?” 


To the Editor. 


SrR,— With reference to Major Corbett’s paper on deep cultivation, perhaps some 
of your readers are not aware that many years ago the late of Marquis of Tweeddale 
invented and used a subsoil plough going some 18 inches deep, but the labor is 
excessive, even with six good plough horses, and plough horses in the Lothians are 
superior to bullocks in India. 

This plan was never adopted largely. Tenants will nover go to the expense, and 
not many landlords. 

Every one at home knows that heavy ldnds would be improved by being dug over 
twu feet deep and left to fallow for a winter, but the expense could never be recov- 
ered ; it would probably cost £40 per acre, which is as much as land is worth to buy. 

The only case in which high farming really pays is near a large town, as Paris or 
London, where manure in unlimited quantities can be had, and carly vegetables and 
fruits sell for a guinea a pint. If Major Corbett is not convinced, let hin Tease say 

100 acres of land, get a subsoil plough to work 2 fect deep, and try the experiment 
financially. 

I suspect he will find he will have to borrow an clephant to drag his subsoil plough. 

Mr. Fowler’s steam plough would do the job, but it costs at least £700 in England. 

To make money out of land you must graze as much as possible ; if the Jowar and 
Bajra crops were eaten down on the ground by sheep, allowing them on as soon as 
the jowar was a foot high, you would havo a fine set of sheep to sell, and the next 
wheat crop would be a bumper. 

High farming is one of those fascinating fallacics that has ruined numbers of 
clever men : those who stop before they are ruined go to grass and find it pay. 

The truth is the weight of the crop does increase with the manure and ploughing, 
but the expenses increase at a faster rate than the crop does. 


Yours obediently, 
A. G. MuRBAY, 
Executive Engineer, Sirhind Canal, 


